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PKEFACE. 



On the publication of the Author's book, "Wood- 
working Machinery: Its Rise, Progress, and Construction," 
it obtained a large measure of success. Finding, how- 
ever, that a more comprehensive and detailed description 
of the arrangement and management of saw-mills, railway 
wagon and other wood works, would have rendered it of 
more service to those absolutely engaged in wood con- 
version, the Author determined, as his leisure permitted, 
to write an additional hand-book as a companion to the 
first ; and the present work is the result. The Author 
has endeavoured to make his descriptions as simple as 
'possible. He has printed a number of rules connected 
with the subject, but has abstained from inserting in- 
tricate theoretical calculations which, even when found in 
books designed especially for the use of engineers, are not 
always worked out by their readers, and may or may not 
be in accord with absolute practice. Tables of speeds and 
rates of feeds for various machines will be found, but the 
Author desires it to be distinctly imderstood that the 
figures given are not intended to be absolute, but as bases 
on which to work, and to be modified as circumstances or 
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the special nature of the work may dictate. As the 
principles, nature of material, and circumstances involved 
in the operation of wood conversion by machinery are so 
many and so varied, to lay down an arbitrary table of 
speeds would practically speaking be impossible. 

As competition in the conversion of timber has in- 
creased year by year, to secure an adequate return on 
invested capital it has become necessary to arrange and 
work saw-mills and wood-converting works on an improved 
or, we may say, a more scientific basis than has hitherto 
been the practice ; and, with this end in view, the Author 
has re-modelled and arranged a number of old mills, 
with very satisfactory results, both as regards output and 
working expenses. 

20, Budge Row, London, E.G., 
March^ 1883. 
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SAW-MILLS: 



THEIR ARRANGEMENT AND MANAGEMENT. 



CHAPTER I. 

'"• ARRANGE^^IENT OP A SAW-MILL FOR GENERAL PURPOSES. 



In commencing this Book the author thinks it well to 
say he has no startling new plans or theories to propound, 
but simply intends to give briefly some of the practical 
results deduced from a lengthened experience in the con- 
struction and management of wood-working machiner}^ 

A saw-mill being for the purpose of converting crude 
material into articles of commerce, the chief point to be 
aimed at is how to accomplish this with the greatest 
economy and despatch combined with quality of pro- 
duction. 

As regards the arrangement of the saw-mill, some 
difference of opinion exists as to the best form, and as 
in crowded cities all kinds of buildings have to do duty, 
no ai-bitrarj^ plan for setting out a mill can be laid down, 
for it necessarily varies according to the requirements 
or circumstances of the case. It must be admitted, how- 
ever, that as a rule suiB&cient attention is not given to this 
veiy important point, the result being a daily loss in 
working through badly-arranged machinery: this loss in a 
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2 SA W-MILLS. 

day may appear small, but in the course of a year amounts 
to a very considerable sum, and is one that should not 
occur. 

Again, the size and shape of a mill should be varied 
according to the nature of the work to be carried on ; for 
instance, a mill adapted for green timber or general 
timber conversion would be unsuitable for a business 
chiefly consisting of floor board planing, &c., or for a 
railway carriage and waggon works. We will, in the first 
instance, briefly consider the requirements of a general 
saw- mill, where sawing, planing, moulding, and most 
kinds of wood conversion are carried on. Assuming 
ample ground space to be obtainable, we have found a 
rectangular building of a length of about two and a half 
times its width the most suitable shajDe. The building 
should be arranged with large sliding doors at either end 
of the mill, so that timber may be passed in at one end 
in the rough, and, after being worked through the various 
machines, passed out at the other as manufactured goods. 
A tramway should run down the centre of the mill, and 
where much heavy timber is worked an overhead traveller 
is necessary. In arranging a mill, advantage should 
always be taken of the site with reference to land or water 
carriage of the timber, as much money is often sjDent 
in unnecessarily hauling it about. If near a canal 
or river, the building should be so planned that as the 
timber leaves the water it shall pass dh'ectly to the heavy 
machines, such as the cross-cutting machine, timber 
frames, or rack benches for breaking down ; its further 
manipulation is thus at once made easier. 

Our illustration (fig. 1) represents a plan of a mill for 
general purposes, designed by the author. Its arrange- 
ment will be understood from the reference numbers 
appended : — No. 1, 35 h.-p. high-pressure horizontal 
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engine ; 2, two 20 h.-p. double-flued Cornish or Lanca- 
shire boilers, fitted with cross tubes; 3, cross-cutting 
machine for large timber fixed below floor ; 4, rack cir- 
cular saw bench, to carry saws up to 66 in. ; 6, combined 
log and deal and flitch frame, to cut up to 3 ft. ; 6, trnng 
up and planing machine, to work wood 18 in. wide by 
18 in. thick by 20ft. long; 7, 12 in. by 4 in. patent roller- 
feed planing and moulding machine ; 8, roller and rope- 
feed combined self-acting circular saw bench, to caiTV 
saws up to 48 in. diameter ; 9, tenoning machine ; 10, 
double deal frame, to cut up to 14 X 4 in. ; 11, rising and 
falling spindle bench, to cany saws 80 in. diameter ; 12, 
30 in. band-sawing machine ; 13, vertical spindle mould- 
ing and shaping machine ; 14, combined rip and cross-cut 
saw bench, to carry two saws up to 24 in. diameter; 15, 
6aw-shaq)ening machine, for circulars and mill-webs ; 16, 
mortising machine ; 17, grindstone, with w^ater of Ayr 
attached ; 18, glue-heater. Shafting underground marked 
in dotted lines ; speed, 250 revolutions per minute ; the 
first length receiving power from the engine is 3 J in. 
diameter, the remainder 3 in. diameter ; overhead traveller, 
stores, oflftces, &c. 

It will be seen from the plan that the boilers are placed 
in a house entirely separated from the mill. We shall 
give elsewhere a sketch of an improved plan for fixing 
them that has been found very satisfactory in practice. 
The engine also is separated from the other machines. 
Sheds for storing sawn timber are not shown in the plan, 
but we strongly recommend their use in preference to 
outdoor storing, as the wood is thus saved from unneces- 
sary deterioration from the action of rain, frost, or sun. 
In designing these sheds care should be taken that the air 
is allowed to circulate freely through them. 

The cross-cutting machine marked No. 3 on plan is 

B 2 



4 SA W-MILLS, 

placed below the mill floor, but is arranged so that it may 
be raised above or depressed below the floor line at plea- 
sure, so that if a heavy log is brought into the mill and 
placed over the machine it can be immediately cross-cut 
and made at once more portable for future manipulation. 
The rack circular saw bench and log frame are so 
arranged that logs can either be rolled from the timber 
truck or dropped by the overhead traveller into position 
for sawing. The circular saw bench (No. 8) is arranged 
with a roller and rope feed. This combination is espe- 
cially useful, as the continuous roller feed is capitally 
adapted for sawing deals, but is useless for round timber, 
for sawing which the rope feed comes in. No. 14 on plan 
is a small saw bench arranged with two saws, one for 
ripping and the other for cross-cutting. These saws are 
mounted on separate spindles, arranged to run in a 
revolving frame, which may be worked by a hand wheel 
and worm gearing, and either the rip or cross-cut saw be 
brought into use above the table, as may be desired, the 
saw not required sinking at the same time below the level 
of the table. This bench is especially useful where there 
are frequent changes in the nature of the work. 

Occasionally it will be found advantageous to fix the 
log frame in a small building outside the main one, as in 
many cases the gantry crane cannot pass right through 
the saw-mill. It sometimes also happens that from water 
or other causes it is impossible to dig a deep enough^ 
foundation for a large log frame ; in this case it is neces- 
sar3% to overcome the vibration in working, that the base 
j)late be much extended, and that the machine itself be 
entirely self-contained. Should the log frame be fitted 
up outside the main building, and no belt power be 
readily obtainable, it can be driven by a separate engine 
or a cylinder attached directly to the toj) of the frame. 
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If the cylinder is attached to the top of the frame, the 
crank shaft is usually cai-ried in a framing below the 
cylinder, and has a pair of fly-wheels fitted to it, one on 
each end ; from these, connectmg rods are attached to 
the swing or saw frame, and a cross-head fitted to the 
top of the piston rod ; thus motion is given to the crank 
shaft and swing frame. This i)lan is also very useful 
where there is ample boiler but lack of engine power. 
Where no difficulties of site, &c., arise, however, we prefer 
the ordinary form of log or timber frame, driven by belts 
from below. 

A combined thicknessing and surface-planing machine, 
with hand and power feed, could be added with advan- 
tage to the plant we have sketched in plan, or any other 
machines adapted to any special kind of wood manufacture 
it is desired to carry out. 

A covered shed, or sheds, for the reception of dressed 
timber, should be attached to the mill, and also a 
magazine for shavings and sawdust made near the boiler- 
house. This and the engine-room should be made as 
nearly fireproof as possible, with iron doors to separate 
them from the mill. The chimney-stack base is best 
made of stone laid in cement, and the boiler-room floors 
also should be cemented. 

All saw-mill floors, whether ground or otherwise, 
should be made of ample strength to withstand machine 
vibration or any load that may be placed on them. The 
ground floor should be built on piers or columns, and a 
cellar made for chips and sawdust. We have found joist 
floors the best form of flooring to use, as from their 
construction they resist successfully any excessive vibra- 
tion. Where a single floor is used, and the bearing 
exceeds 10 ft., herring-bone strutting should be emplo3'ed. 
It is very important that all machines should be perfectly 
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steady in working, especially those with high-speeded 
revolving cutters, such as moulding machines, or the 
work turned out will be marked or jan'ed, and in the 
case of very thin mouldings the wood has a much gi^eater 
tendency to spUt. 

If the building is more than 100 ft. long, two or three 
lines of main shafting should be employed. This should 
be arranged under ground, and run transversely across 
the building. It should be easily accessible for lubrica- 
tion, removal of belts, &c. The vaiious machines should 
never be crowded together, as, should the operator be 
hampered for room, a considerable loss in output is the 
result. If upper tioors are used light machines, with, 
if possible, a rotary motion, should be fixed on them^ 
as the constant vibration from some machines with a 
reciprocating motion has a tendency to damage and 
displace the joists and brickwork, unless of very strong 
section. 

A very important point in the economical conversion 
of timber lies in its easy transhipment, if water-carriage 
is available. Perhaps one of the best plans, where 
I)racticable, is to have a still-water dock where a steamer 
or barge can enter, or where the wood can be floated in. 
Over this a travelling gantry crane can be erected, and 
pick the wood directly out of the vessel or water, and 
place it on the machines or mill floor. Failing this, or 
a separate crane, a good deal may be done by a hoist 
worked from the mill shafting, a suitable sHde being 
arranged to drag the timber up. 

Our illustration (fig. 2) represents a simple hauling 
apparatus for bringing logs into the mill ; the engraving 
shows it mounted on beams, but it may be fixed below 
the floor, or carried in hanging brackets ; should it be 
found convenient to fix it below the floor, it would be 
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necessary to pass the chain over a snatch block, so as to 
bring it on to the level of the mill floor. The apparatus 
consists of a cast-iron barrel diiven by toothed geai'ing, 
motion being imparted by a belt working on to the fast 
and loose pulleys shown : this can be thrown in or out 
of gear as may be required. 

Where from exigiencies of site an ordinary overhead 
traveller cannot be erected, Wellington travellers ininning 
on rails and passing over each machine separately, should 
be employed in fact in some cases : this will be found 
preferable, as with this arrangement several logs may be 
lifted and placed in position at the same time. Wel- 
lington travellers, of about 20 ft. span, will usually be 
found sufficiently wide ; and they should be fitted with 
both lifting and traversing gear. For lifting light loads 
from floor to floor, the * hoist, which we illustrate 
herewith (fig. 3), will be found very useful: it can be 
fixed to the wall of a building immediately over a 
trap-door. The hoist is worked by means of a worm and 
wonn wheel, actuated by the handle, shown in the front 
of the engraving. The handle being jJaced in the front 
of the machine is an improvement, as it can be worked 
in any position, which is not the case when handles are 
placed at the end. It is so arranged that the drum 
cannot run down through accident, or other cause ; and, 
when used to lift above 10 cwt., it is usually fitted with 
brake and throwing-off gear. Circular saws have lateh'' 
been introduced for cross-cutting logs as they lie in the 
timber-pond. The saw is arranged to project over the 
water, and the log is floated underneath it, and held in 
position whilst the saw drops on to it and cross cuts it 
to any desired length, thus at once making it more port- 
able, so that it may readily be moved to any part of the 
mill. This plan is very expeditious, and when large 
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quantities of timber are converted, Ehould come into 
more extended use. 

For fixing or turning over logs on the rack beDch or 
saw frame, where an overhead traveller is not in use, an 
extremely serviceable apjiaratus is a travelling crab, 
which is usually made to run ou rails attached to a 
beam or roof principal ; the winding dium is worked by 




a rope, which actuates suitable wonn gearing. Timber 
clips are attached to the end of the winding chain. 

In saw-mills where large quantities of heavy logs are 
converted especial means for handling and canting them 
should be taken. In all cases a log deck should he 
formed. Where the logs are few in number and light, 
they may he got into position with some good hand 
canting dogs. We give an illustration of one (fig. 4), 
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which will be found a great improvement over the old 
wooden patterns still considerably used. The pick and 
hook should be made of a good tough cast steel, and the 
ironwork of best fagoted scrap iron ; the shank and pick 
should be forged solid. The handles should be about 
6 ft. long, and made of ash, or some good tough wood 
of about 2f in. diameter, tapering downwards slightly 
towards the end of the handle. 




FIG. 4. — IMPBOA'ED CANTING **DOG. 



f» 



In the large mills of America, where enormous quan- 
tities of heavy logs are converted, steam-driven log decks 
and log rollers are much used. The log is usually 
brought into the mill and on to the deck by means of 
a spurred chain. That paii of the deck nearest to tlie 
travelling saw caniage or table is made to incline, and 
at the foot of the incline is fitted a stop-piece; under 
the stop-piece is arranged a bevel-ended log roller, 
governed by a lever, which is immediately under the 
control of the sawyer. By pulling this lever the log 
roller is put in motion, and lifts the log over the stop- 
I)iece on to the travelling carriage, and another log 
coming further down the incline immediately takes its 
place against the stop-piece. With this an^angement the 
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saw need only be stopped a very few minutes before 
another log is in position ready for sawiDg. 

Another and very useful plan for rolling logs into 
position is to aiTange a pair of folding travelling dogs, 
or knees, about 8 ft. apart ; these should project above 
the floor line of the log deck, and nin on slides fixed 
below the floor. The knees can be actuated by suitable 
chain gearing, and by the use of double friction cones 
they can be brought against the timber and made to 
roll it either backwards or forwards as may be desired. 
The knees should be arranged to fold up under the floor 
line, as they i^ass back under a log, and straighten up 
again immediately on clearing it, when they are ready 
to push the next log forward. By means of a lever, the 
friction gear can be j^laced immediately under the control 
of the sawj^er, and where a large number of logs are 
converted this arrangement will be found of great value, 
saving an enormous amount of hand labour, as it will 
not only roll the logs square on to the travelling car- 
riage, but hold them in jiosition till they are properly 
dogged. 

Sufficient space should be left between all the machines 
for trucks mounted on wheels or castors to pass, and 
light woodwork, joinery, &c., may with advantage be 
stacked on a truck as it leaves the machine instead of on 
the floor. These trucks should be of strong but light 
construction, and in the case of cabinet or other light 
work aiTanged so that they may readil}' be hoisted from 
floor to floor. 

Where much timber is cut from the rough, as in 
Sweden or America, after the log has been squared up on 
the rack bench and passed through a saw frame, the 
planks are usually placed on endless travelling belts, 
chains, or live rollers, which convey them to any desired 
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point for cross-cutting or othenvise. Where more than 
one floor is used, as in many joinery establishments, ade- 
quate means for hoisting timber to each floor must be 
taken. A fii'st-rate and rapid j^laii for carrying up deals 
is to arrange an endless belt, fitted with stoj) i)ieces, to 
run round pulleys, at an angle of about 45 degrees, from 
the basement through a trap door to the floor above : by 
this plan deals, &c., can be carried up as fast as they can 
be placed on the belt. For conveying heavy timber to 
the machines and about the yard, water channels or 
shoots were proposed some years ago, but were never, we 
believe, brought into extensive operation owing to the 
many drawbacks and objections to the scheme. 

Various plans for clearing away the sawdust from the- 
basement of the mill are in use ; this is, however, a 
matter often somewhat neglected. In some mills a 
pneumatic or fan exhaust arrangement is fitted up ; this 
consists briefly of an exhaust fan attached to a main de- 
liver}'^ pipe, from which various suction pipes branch off 
to the different machines. The machines are fitted with 
hoppers and shoots, into which the sawdust is sucked, 
passed to the main pipe, and delivered to the stokehole or 
elsewhere. If properly proportioned and arranged, this 
plan is tolerably successful ; sharp elbow^s or curves in the 
pipes must in all cases be avoided, or they will soon 
become choked. The writer has introduced a simpler 
and much less expensive plan, which he has found to 
answer well, viz., to arrange one or more endless cotton 
travelling bands below the mill floor, with shoots leading 
to them ; these bands will carry away almost any amount 
of debris that may be put on them ; and the chances of 
fire are thus considerably lessened ; or, in lieu of either 
of these methods large sacks may be attached to the 
mouths of the vaiious shoots, and these can be emptied 
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at intervals by a man especially appointed for the 
purpose. 

It is important that the mill should be airanged with 
ample lights both for day and night use; the electric 
light should in large establishments be of very consider- 
able value, especially where water power for generating it 
is obtainable. The basement should be at least 6 ft. high 
and well drained and asphalted. Should a railway run 
directly into the mill it will be found advantageous in 
unloading the timber to have the mill floor raised a few 
feet above the level of the rails. 

The arrangement of a mill, especially for x)laning and 
matching, should diJBFer essentially from an ordinary 
general saw-mUl or joinery works : in this case it is found 
advantageous to fix the various machines side by side 
transversel}^ and to run the main shafting under ground 
the full length of the mill, the engine and boiler being 
fixed in a detached room at right angles to it. The 
building itself may be made much narrower than an ordi- 
nary mill, say of a width of about one-fomi,h its length. 
We have found 80 ft. long by 24 ft, wide a very suitable 
size, and doors or openings should be provided opposite 
each machine. The wood could thus be brought in on 
one side, passed through the machines and out on the 
other. 

Although mills entnely devoted to planing are not 
numerous in this countr}^, the subject is one of consider- 
able interest to timber converters and manufacturers of 
flooring in other countries ; we therefore give in fig. 5 a 
plan of a planing mill, showing the latest American prac- 
tice in this direction. It is from the designs of Mr. M. 
C. Huyett, of Detroit, U.S.A. Fig. 5 is a plan of the 
main floors, showing the arrangement of the machiner}% 
shafting, &c., and the means of delivering the timber into 
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and out of the mill. The letters a, b, c, d represent 
various planing and moulding machines; e, f, g, h, 
various saw-benches for ripping, ci'oss- cutting, edging, 
and trimming ; i represents the first line of shafting, 4 in. 
diameter ; and k, k, line of shafting, 3 in. diameter, sup- 
ported by 18 in. hangers ; l, cross-line shaft, which 
drives cross-cut saw, e, and trimming saw, h ; m repre- 
sents rails, 2J in. gauge, for convejung timber from the 
3'ard to the machines ; n is blacksmith's forge ; o is auto- 
matic plane ii'on grinder ; p is drilling machine ; r is 
work bench ; s, fire i^ump, with three discharges at 
u, u, u ; and t is a pump and feed water heater. The 
fire pumj) has connection also with the boilers through 
the heater, by the use of valves, so that the mill is not 
dependent wholly upon one pump in the case of a break- 
down. 

One of the chief improvements claimed in the plan of 
this mill is that its capacity may be increased almost in- 
definitely without pulling anything down or altering its 
general arrangement. The timber is brought from the 
yard on trucks, which run at a lower level than the mill 
floor on which the machines stand. After the boards are 
passed through the machines they are x)iled on a floor 
still higher than that on which the machines are fixed, 
and on a level with the railway trucks into which they are 
loaded. The whole side of the mill opens with folding 
doors. 

For cabinet-making, pianoforte-making, and other light 
manufacturing i)urposes a building of several floors may 
be used with advantage, the wood being delivered to the 
ground floor in the rough, and passed through the various 
floors or stages till it arrives at the top of the building a 
manufactured article. 

The timber should, in all cases, if possible, be stacked 
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in a yard at one end of the mill, so that it can be readily 
brought to the various machines by an overhead traveller, 
aiTanged to travel on a gantry, not only through the mill, 
but some distance into the timber yard ; this, of course, 
would only be necessary where heavy work is carried on. 
In case it is desii'able to run the main shafting overhead 
from the nature of the ground, from water, or other 
causes, and it is impossible to form a cellar or basement, 
and where the machines can be placed side by side as in 
a planing mill, a tunnel for sawdust and chips should be 
made, running in a line underneath the machines. This 
tunnel sliould be about 6 ft. high by 6 ft. wide, so that 
the refuse may readily be cleared away. The dangerous 
practice of men collecting the sawdust and shavings 
amongst the belts is thus avoided, and the chances of fire 
much lessened. 

In arranging the mill care must be taken that the 
motive-power should be ample to drive the various ma- 
chines, as irregularity in driving through having insuffi- 
cient power is detrimental to the quality and output of the 
machines, and should a steam engine be used it much 
more rapidly deteriorates by being strained, and a much 
larger amount of fuel is consumed in i^roportion in 
pressing a boiler beyond its capacity than in working a 
lai'ger boiler at a lower pressure. 

Owing to the high rate of speed it is necessary to run 
wood-working machinery at, its operation is somewhat 
more dangerous than other classes ; especial care should 
therefore be taken to guard against accident : all diiving 
belts and pulleys should be boxed in wherever possible. 
The cutter blocks on the various machines sliould be 
fitted with guards, and also the intermediate toothed 
gearing, such as is found on moulding and planing ma- 
chines, as it is necessary to protect them from dirt or 
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small pieces of wood, as owing to the strain that is con- 
stantly on them they are readily broken. For these in- 
termediate pinions we recommend steel, and, although it 
is somewhat difficult to get sound castings, steel will wear 
out three sets of ordinary cast iron. All bearings should 
be protected from dust, which not only absorbs the oil, 
but in some cases causes the bearings to seize owing to 
the particles of iron contained in it. For preventing 
accidents in working circular saws, a variety of saw 
guards and shields have been introduced; one of these 
consists of a narrow cast-iron box made in the form of a 
half-circle, inside of which the i)eriphery of the saw runs. 
This box is suspended over the saw from an arm fitted to 
one side of the saw bench framing, and is made adjustable 
to saws of varying diameters. Set screws fitted through 
the box on either side of the saw act as guides. Another 
guard consists of a steel shield, formed as an arc of a 
circle. This is suspended from a curved bracket attached 
to the back of the bench. The shield is held concentric 
with the saw by a stud, and balanced by a counterpoise. 
It is made adjustable both vertically and transversely, 
and is held true over the saw by means of small guide 
rollers. As the wood to be sawn is pressed against the 
saw, the shield rises before it and rests on the top of it 
till the cut is completed, when the counterpoise brings it 
back to its original position. 

In lieu of anything better, a very good saw guard may 
be made by suspending a board — say about 3 ft. long by 
2 ft. wide — by means of two small chains from the ceiling 
of the mill, and letting it hang immediately over the front 
of the saw ; thus, should anything be can-ied over by the 
saw, it comes in contact with the board instead of the 
workman. 

Very considerable inconvenience is often occasioned in 
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Eaw-mills from the loose pulleys on the macliiaes Beizing 
from excessive friction, and varions more or less success- 
ful plans have been devised to modify or do away with it. 
A simple and efficient arrangement (Davis' Patent) for 
this purpose we 'illustrate herewith, Ars, 6 & 7. As will 
be seen from the sketch, the boss of the loose pulley is 
somewhat enlarged, and made to revolve upon a " sleeve " 
or " bush," which is keyed to the shaft or spindle, instead 
of upon the shaft itself. The boss of the pulley is recessed 
to form an oil-chamber, and the oil is supplied in the 




usual way through a pipe, and is prevented leaving the 
bearing by means of a flange fitted to the end of the boss, 
and by the centrifugal force engendered when the pulley is 
Bet in motion, which causes the oil to fly immediately to 
the largest diameter, which is the working or rubbing face 
of the sleeve. The oil being thus confined can be used 
many times over, until all its greasy particles are ex- 
tracted ; and the trouble often caused by the seizing, 
grinding, or heating of loose pulley-beai-inga when the 
pulley is run with a tight belt at high speed, is almost 
entirely done away with. The wiiter has used this 
arrangement for some years with very satisfactory residts. 
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Another plan, and one especially nseful on circular saw 
benches, where the pull of the belt on the loose pulley is 
very considerable, ia to make the loose pulley of Bonie- 
what smaller diameter than the fast, so that when the 
saw is not at work the belt runs loosely and is with the 
pulley relieved from all strain, and consequently has time 
to recover its elasticity, and therefore wears longer; as it 
is found in practice that when a belt once reaches the 
limits of its elasticity it very rapidly deteriorates. In 
making these pulleys, the loose pulley should be arranged 
with an inclined flange up to the circumference of the 




fast one, so as to aid the shifting of the belt (see sketch, 
flg- 8). 

The driving pulleys on circular saw benches, planing 
or other machines, which require a considerable amount 
of power, should never be made of very small diameter or 
driven by a narrow belt, as the excessive strain on the 
belt causes great friction, and consequent heating of the 
bearings ; these points are, however, often neglected : the 
consequence is a circular saw sometimes runs out of truth 
for no apparent reason ; but on investigation it may be 



ARRANGEMENT FOR GENERAL PURPOSES, 19 

found that great heat has been transmitted to it from the 
bearings, causing it to become wavy and pliant in run- 
ning. It may be taken as a safe rule that a leather belt 
used to drive a circular saw, say up to 4 ft. diameter, 
without excessive strain to itself, should be of a width 
not less than one-fourth the diameter of the largest saw 
the bench is capable of carrying; for saws above 4ft, 
diameter a belt one-third the diameter of the saw may be 
used with advantage, the driving pulleys being, of course, 
correspondingly wider. It is difficult to make a rule for 
the belting of planing machines, owing to their various 
types and the variety of the work for which they are 
employed. For driving the main cutter spindles of 
roller or chain feed planing machines the following sizes 
will, however, be found suitable — machines with cutters 
up to 12 in. wide, a belt five-eighths the width of the 
cutter ; for cutters 18 in. wide, a belt one-half the width 
of the cutter, the belts for the intermediate sizes being 
increased or decreased in width in proportion. These 
sizes may appear to be somewhat wide, but it will be 
found much better to err on the side of width than that 
of narrowness, as owing to the belts in saw-mills becom- 
ing dry and unpliable, the power transmitted by them is 
less than those used in most other factories, and the 
extra width of belt will counterbalance this. 
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CHAPTER II. 

SELECTION OF MACHINERY. 

The selection of the requisite machinery for any par- 
ticular class of manufacture is a matter of the highest 
importance, and unless judiciously undertaken an in- 
vestor may find himself saddled with a lot of costly and 
elaborate machines ill adapted to his wants. Care 
should be taken that the machinery selected should com- 
bine first-class workmanship and material. Owing to the 
high rate of speed it is necessar}'- to work at, and the 
vaiious strains it is subject to, good workmanship in 
woodworking is more necessary than in many other kinds 
of machinery. The so-called "cheap" machinery must 
be held to be dear at any price, the difference in first cost 
being rapidly counterbalanced by breakdowns and loss of 
time, often coupled with inferior output. The points to 
be desired in an engine and boiler for saw-mill purposes 
we intend to discuss elsewhere. 

We shall now give a few notes on various machines, 
taking the plan of saw-mill already illustrated (fig. 1) as a 
basis. Taking first the rack circular saw bench, owing to 
the very great power required to drive, and the waste of 
wood, we should not care to use machines of this kind 
carrying saws of a larger diameter than, say, 6 ft. 6 in., 
but on account of the ease with which it is handled in 
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reducing heavy round or square timber into planksi 
flitches, or scantling, it will probably always play an 
important part in the saw-mill. In the most advanced 
machines the main framing is of the " box" type and cast 
in one piece, with the saw-spindle let into its bearings 
from the top of the table ; the self-acting gearing could 
also be attached to this frame. 

In addition to its strength and rigidity, one of the 
advantages in having the main framing in one piece is 
that it may be placed on a block of masomy, and is 
complete without having resource to the cumbrous 
wooden erections often used in fixing this kind of 
machine. The countershaft should be preferably placed 
below the floor. The travelling table should be made 
of wrought-iron plates, as we have seen cast or malleable 
iron broken by a heavy stick of timber falling on them ; 
and they, of course, from their nature, are especially 
liable to crack in frosty weather. The rollers carrying 
the table should be turned, and the return rack motion 
should run the table back at least three times the speed 
of the feed. It will be found to be an improvement in 
working to have the rack and pinion, by which motion is 
imparted to the table ; arranged in a horizontal plane, 
instead of a vertical, the side of the rack being bolted to 
the under side of the table instead of the back. This 
obviates the rack riding on the driving pinion and 
damaging the work, as it is occasionally found to do 
with the old plan. 

Referring next to the combined log and deal frame, 
the main framing of this machine should be in as few 
pieces as possible, and of heavy section, to overcome the 
strain put upon it when running a number of saws, 
especially when working hard or frozen timber. The 
swing frame which carries the saws should combine 
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strength with lightness in the greatest possible degree ; 
steel of hollow section will perhaps be found most suit- 
able. The cross-rails should be of ample section, or 
they may be foimd to spring when carrying a large 
number of saws. For general purposes we prefer log 
frames driven by belts from a crank placed at the base 
of the machine, rather than those driven overhead, or 
those that are self-contained. They are much steadier 
in work, and can be driven at a higher rate of speed. 
Crank shafts bent by hydraulic pressure will be found 
considerably stronger than the ordinaiy "block " crank* 
The connecting rod should be arranged to take hold of 
the saw frames by means of rods on either side at about 
the centre of same, as strength and ease in working are 
gained, and less depth of foundation is requisite. The 
feed gear must be adapted to circumstances. The top 
pressure rollers for deal or flitch cutting should work 
independently of one another, so that two pieces of 
unequal depth may be sawn at the same time. The 
cross-heads are best forged in the solid, of fagoted scrap 
iron. 

Taking next the trying up and planing machine, this 
will be found to be especially useful in taking timber out 
of " winding,*' and making it perfectly true and ready 
for glueing up. The cutter block is best made of steel, 
of not too heavy section, and can be fitted with either 
two or three knives ; the writer prefers the latter, as in 
several machines he has erected on this plan he finds the 
cut being more constant or continuous, the finish of the 
work is better. A graduated index should be fitted to 
the slide on which the cutter block works, so that the 
thickness of the cut can easily be adjusted to gauge. 
The speed of the feed gear should vary from 5 to 25 ft. 
per minute to suit different kinds of wood, and the 
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machine should be arranged to plane both ways of the 
traverse, so that no time is lost in running back the 
table for a fresh cut. Vertical side cutters can be 
fixed to these machines when required for edging and 
matching. 

Passing to the tenoning machine, it will be found an 
improvement to have the top cutter block mounted in a 
slide, with both vertical and horizontal traverse, and by 
having it scaled, shoulders of unequal length can be cut 
with exactness, without the dangerous and uncertain 
method of shifting the adze block on its spindle. The 
fence bar and quadrant should both be accurately scaled, 
and a sliding stop arranged for setting out lengths. It 
adds considerably to the value of these machines to have 
a scribing apparatus fitted, and by means of a drunken 
saw double tenons may be readily cut. The driving belt 
can be kept at a constant tension by means of a pulley 
and counterweight, which will be found an improvement 
over the old plan of tightening by a hand wheel and 
screw. 

Passing next to the band-sawing machine, to make a 
really efficient machine, with freedom from excessive 
vibration, the main framing should be rigid, and cast in 
one piece, and of a height not greater than is absolutely 
required for working, as the vibration is much increased 
by sticking the top saw-wheel too high in the air, and 
we have seen many otherwise good machines damaged by 
this oversight. For the lighter machines a stout flange 
casting is sufficient, but for the heavier type a hollow or 
box frame is to be preferred. Care should be taken that 
the fi'ame is bowed sufficiently to allow of enough room 
between it and the saw for the easy manipulation of the 
wood. The saw wheels should be of ample diameter, as 
light as possible, and fitted with a canting arrangement. 
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Speaking approximately, the wheels should be of a 
diameter of about one-fifth the length of the saw blade, 
and the saw blade of a length not less than eighteen 
times the depth of the wood to be sa\vn. In some 
machines of recent construction the rim of the top saw- 
wheel has been made of steel, the spokes of hollow 
wrought iron, and the centre of cast. This is an im- 
provement, as it combines in a great degree lightness 
with elasticity, and reduces the strain on the saw. It 
is important that both saw wheels are accurately turned 
and balanced. This is often neglected, or improperly 
done, the result being an increased breakage of saws. 
The top saw-wheel should be mounted elastically, and 
double bearings will be found preferable to single ones. 
To lessen the breakage of the saws from expansion, con- 
traction, or other causes, and to keep them to their 
proper tension, a weighted lever or spring should be 
fitted to the slide carrjung the top saw- wheel. Metallic 
friction guide wheels should be provided to receive the 
back thrust of the saw. In machines for sawing heavy 
timber it will be found an improvement to add side 
friction guide rollers placed on a spindle vertically, and 
arranged to guide from the teeth of the saw. The upper 
saw wheel should in all cases be so arranged, that it 
can be set to an angle with the lower wheel, thus direct- 
ing the saw to run on any part of the periphery and 
equalizing the wear on the india-rubber or leather cover- 
ing. The table on which the work is placed should be 
arranged to cant for bevel sawing, and be fitted with an 
index and pointer showing the angle. Should an extreme 
angle be required, the column of the machine or the top 
saw-wheel can be arranged to swivel also. 

The vertical spindle irregular moulding, shaping, and re- 
cessing machine will be found an extremely valuable tool 
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in a general wood-working establishment, especially where 
furniture, joinery, &c., are made. Notwithstanding the 
extreme simplicity of the machine, a great vai'iety of 
beautiful work can be performed on it, either in hard or 
soft woods. It will work all varieties of curved lines, 
from the most delicate cabinet work to Gothic roofs of 
churches or moulded ship's timbers ; it will cut with 
ease circular or straight cornice mouldings, mould table 
or sideboard tops, chair and sofa frames, circular sash 
frames, &c., and when not in use for irregular work it 
can be employed for straight, such as sticking architrave 
mouldings, sash bars, stop chamfering, grooving, rebating, 
planing, thicknessing, &c. In working circular or irre- 
gular mouldings, to turn out clean work, it is necessary 
that the cutters should always operate with the grain of 
the wood. This can be secured by mounting two spindles 
in the same machine, but revolving in opposite directions, 
so that the work may be passed from one spindle to the 
other, or if a single spindle is used it should be made 
instantly reversible. Hard, close-grained woods, such as 
oak and walnut, can be worked well on these machines, 
but those woods in which the fibre is irregular, or long 
and stringy, must be manipulated with care, or the 
moulding will be found rough and uneven where the grain 
of the wood changes, but oak, walnut, mahogany, pine, 
birch, cedar, maple, plane, rosewood, tulip, satin, and 
most other woods used in cabinet work can be worked 
to advantage. In fact, we consider this tool, one of the 
most valuable of all wood-working machines. Where 
undercut mouldings are required the cutter spindle can 
be arranged to angle. 

All machines must be set at a dead level, both hori- 
zontally and transversely, and be free from excessive 
vibration when at work. Freedom from vibration is in 
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a great measure secured by using machines with framings 
constructed on the "box " or solid casting system ; this 
is, of course, assuming the cutter blocks, &c., are truly 
balanced, and the working parts well fitted and pro- 
portioned. It may be taken as a general rule that the 
larger machines requiring the greatest power should be 
fixed nearest to the motor and the lighter ones farther 
away. Running machines or countershafts at short 
centres should by all means be avoided as much as 
possible, as a considerable amount of power is lost from 
the slix> of the belt ; the bearings and the belts them- 
selves also much more rapidly deteriorate, and efficient 
lubrication is more difficult. 

It may be a trite but none the less true remark that 
extreme economy in wood should be exercised in a saw- 
mill to make it pay, especially in this country, where 
competition is exceptionally severe ; the necessity for the 
remark was brought forcibly to the author's notice some 
time back, when in visiting a large mill he was astonished 
to see several machines cutting mouldings from square- 
sided pieces of wood, a large percentage therefore being 
wasted, instead of x)reparing the wood on a saw 'bench 
by cutting it to a bevel or feather-edged. These bevelled 
pieces are easily fed through a moulding machine by 
substituting for the ordinary parallel feed-rollers narrow 
rollers, with their peripheries serrated and sharply 
bevelled, and the pieces of wood sawn oft* can also be 
worked up into small mouldings. 

In starting new machinery the bearings will generally 
at first be found to heat ; this is especially the case with 
crank pins or connecting rod ends of engines, log frames, 
«&c., and arises generally from the unequal expansion 
and contraction of the difierent metals of which they are 
composed. For instance, the gim metal forming the 
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bearings expands faster than the wrought iron fonning 
the straps, and being confined by the latter, necessarily 
seizes the crank pin or shaft, and the better or tighter 
the fit in the first instance the more likely are the bear- 
ings to heat. In starting a new engine or log frame 
lubricate the bearings well with a mixture of lard and 
powdered j)lumbago of the proportion of three of the 
former to one of the latter ; if after working some time 
the bearings are found to heat, pour cold water on them, 
remove them, and either scrape considerably or di'aw- 
file them with a smooth file till the fit of the brasses on 
the pin at the joints is somewhat slack. Should there 
be any seams in the crank pin or shaft, carefully run a 
smooth file over them, and try again. These beai'ings 
should be tightened, if they require it, immediately after 
finishing work for the da}^ as they are then expanded 
from the friction of working, and are in their usual 
running condition ; whilst in a morning before com- 
mencing work they are cold, and therefore contracted. 
The proper management of bearings being a very im- 
portant and interesting subject, we intend to give fuller 
notes on it elsewhere. 
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CHAPTER III. 

ARRANGEMENT OF SAW-MILL FOR RAILWAY CARRIAGE 

AND WAGGON WORKS. 

The arrangement of a saw -mill or wood -working 
factory for the manufacture of railway carriages and 
waggons should differ considerably from those mills we 
have already described. For manufacturing on a con- 
siderable scale, a building of 80 yards long by 20 yards 
wide would be suitable, or say generally a building of a 
length of about four times its width. This should be in- 
tersected transverselj'^ with three or more lines of rails, 
and one line with turn-tables running the full length of 
the mill. To make ourselves more clear, we append a 
rough plan (fig. 9) of what we mean, with reference 
numbers. By this it will be seen the engine and boilers 
(Nos. 1 and 2) are arranged in a house entirely sepai'ated 
from the main building, and a Hue of rails for bringing 
fuel, &c., is laid to run at the side of them. The mill or 
works may be said to be divided, by the rails running 
between them, into four sections or classes. Sections 
1 and 2 cominise the hea\'y sawing machines for breaking 
down the logs and sawing rough timber ; these consist of 
cross-cut, circular, mill and band saws. Section 3 in- 
cludes planing, moulding, trying-up, sui'facing, and other 
inadiines for still further dressing and preparing the 
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wood after it has been sawn to dimensions. Section 4 
contains mortising, tenoning, scraping, sand-papeiing, 
and other machines for finishing the various articles pre- 
pared in the previous sections. A sub-section, which we 
will call No. 5, may be attached to this for sawing, adzing, 
and boring sleepers, making treenails, compressing keys, 
and preparing other woodwork connected with the perma- 
nent way of a railway. 

It will be seen fi'om this brief sketch that the workshop 
is so arranged that the heavy timber enters at one end, 
and is gradually manipulated through the various ma- 
chines till it reaches the opposite end of the mill in the 
shape of complete sets of woodwork for railway carriages 
or trucks ; and we take it that mills for manufacturing 
any kind of woodwork should be designed on this system 
of gradual progression, as when it is once thoroughly 
established, and each machine has to look to another for 
work, a regular and economical system can be better 
secured in this than in any other way with which we are 
acquainted. 

Many of our remarks with regard to the ordinary kind 
of saw-mill will apply equally well to the one we are now 
considering. 

We append herewith reference numbers of the various 
machines shown on plan: — No. 1, two pairs of Lanca- 
shire boilers fitted with Galloway cross tubes, 35 horse- 
power each ; (2) pair of high-pressure horizontal engines 
of 80 horse-power each ; (3) circular saw cross-cutting 
machine (fixed below floor) ; (4) rack circular saw, ar- 
ranged with two saws, mounted one above the other, but 
running in the same line ; (6) combined log, deal, and 
flitch frame to take in logs up to 48 in. diameter ; (6) 
large band-sawing machine, with travelling table for 
breaking down logs, wheels 5 ft. diameter ; (7) horizontal 
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single-bladed saw frame, for cutting panels or crooked 
timber, to cut logs 4 ft. diameter by 80 ft. long ; (8) cir- 
cular saw bench arranged with roller and rope self-acting 
feed, to carry saws up to 48 in. diameter ; (9) rising and 
falling spindle circular saw bench, to carry saws up to 
36 in. diameter ; (10) cross-cutting ciixular saw bench, to 
carry saws up to 42 in. diameter; (11) combined ripping 
and cross-cutting circular saw bench, to carry two saws up 
to 24 in. diameter ; (12) band-sawing machine, to cut up 
to 22 in. deep, 42 in. wheels ; (18) four-cutter centre 
roller-feed planing, jointing, tonguing, grooving, and 
moulding machine, to work wood up to 16 in. wide by 6 
in. thick; (14) trying-up and planing machine, to work 
wood up to 24 in. wide by 18 in. deep by 20 feet long ; 
(15) panel-planing machine, to work wood up to 24 in. 
wide by 4 in. thick ; (16) panel-scraping machine, to work 
wood up to 24 in. wide by 4 in. thick ; (17) large double 
tenoning and cross-cutting machine ; (18) small tenoning 
machine ; (19) slot mortising and boring machine ; (20) 
multiple boring machine ; (21) large combined steam 
mortising and boring machine ; (22) sandpapering ma- 
chine ; (23) large wood lathe ; (24) saw sharpeners ; (25) 
grindstones, etc. ; (26) band saw sharpening machine ; 

(27) main shafting, running at 250 revolutions per minute ; 

(28) tunnel for shavings, running the whole length of 
mill ; (29) double spindle irregular moulding and shaping 
machine ; (30) drum sandpapering machine. 

Additional plant in annexe for manufacturing woodwork 
for permanent way : — ^No. 1, engine and boiler ; (2) end- 
less chain-feed bench for sawing sleepers; (3) sleeper 
adzing and boring machine; (4) key compressing ma- 
chine ; (5) circular saw bench, to carry saws up to 30 in.; 

(6) axe and hammer handle and spoke- dressing machine ; 

(7) treenail turning machine. 
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It will be seen from the plan that duplicate sets of 
boilers are shown (No. 1) ; in a large establishment like 
the one designed, this aiTangement is strongly to be 
advised, so that in the case of a breakdown the whole 
works may not be laid idle. These boilers can be used 
alternately in pairs, say for a fortnight or a month at a 
time ; opportunities are thus given to clean or overhaul 
the boilers not in use, which is a matter of great import- 
ance where the water is bad. It will be found the best 
plan to keep the boilers not in use quite full of water. 
The steam pipes are arranged so that the waste steam is 
conveyed to the timber-bending department, where the 
roofs of carriages and such lilce work are prepared, and 
pipes are also laid so that it can be used for heating the 
general workshop in the winter. 

The engines (No. 2 on plan) are a pair of high-pressure 
horizontal, of a type we have found very suitable for 
driving wood-working machinery, of which we give a 
specification elsewhere. The room in which they are 
fixed is entu'ely separate from the mill, but in all large 
establishments communication should be established by 
an electric wire or by means of a wire and bell between 
the various machines and the engine-di'iver, so that in 
case of an accident the alarm may be instantly given, and 
the engine stopped without delay. 

A new method of stopping engines by electricity has 
been invented by Mr. Tate, of Bradford. The apparatus, 
which we illustrate herewith (fig. 10), consists of an ordinary 
Leclanche battery, an electro-magnet, and wires leading 
to any position from which it may be desirable to control 
the engine, and buttons for completing the circuit Also 
a small steam cylinder, i>iston, and rack and pinion gear- 
ing, which actuates the stop valve on the engine. The 
electro-magnet is placed at the top, and connected directly 
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to a susi)eiision rod, which actuates a small steam cock on 
the cyhnder of the apparatus. The circuit is an open 
one, and when it is desii'ed to put the appai*atus in opera- 
tion the pressure of the finger on one of the buttons — at 
any distance from the engine — closes the circuit and ex- 
<3ites the electro-magnet, the effect being to release the 
siisijension rod, which falls with a velocity due to gravity. 
The suspension rod in falling opens the small cock on the 
cylinder and admits steam, the initial pressure of steam 
being the same as in the steam-engine cylinder. The 
piston in the cylinder of the apparatus immediately 
ascends, and the rack piston rod instantly closes the 
engine stop-valve. The steam to work the apparatus 
being taken from the stop-valve chamber from under- 
neath the valve — i.e., between the valve and the steam- 
engine cylinder — the consequence is that as soon as the 
stop-valve has been closed there is no longer any pressure 
in the small cylinder ; and when it is desired to stai't the 
engine the engine-driver has simply to lift up the sus- 
pension rod to its normal position and open the stop- 
valve in the ordinary way. In lifting the suspension rod 
the small cylinder cock is again closed against the admis- 
sion of steam, but the cock, having three passages, is 
opened for the inlet of atmospheric air. The act of 
opening the stop-valve by the hand wheel operates also 
on the piston, which falls to the lower end of the small 
cylinder, and is then re-set for further use. When applied 
to the stop valves of condensing engines a cock fitted on 
a pipe opening to the atmosphere is also actuated by the 
apparatus, and at the instant the stop-valve is closed this 
cock is opened, thus admitting air into the condenser, 
destroying the vacuum and stopping the supply of water. 
The apparatus also stops the engine on which it is fitted 
whenever the speed exceeds the ordinary rate by any 

D 
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given number of revolutions. This is effected by means 
of the throttle or variable expansion valves, actuated by 
the engine governor. Short arms are fixed on the valve 
spindles which act as fingers to press in a push or button 
at any time the valve exceeds the usual range of lift or 
stoke. In all cases the apparatus re-sets itself when the 
engine is started. 

It will be seen from the plan (fig. 9) we show the engine 
driven by a belt. Some prefer to drive these large engines 
with a toothed wheel and pinion, but as this usually re- 
duces the speed of the main shaft very much, and there- 
fore largely increases the number of countershafts and 
belts to be kept in order, we prefer to drive by belt. 

If much very heavy timber is to be converted, the 
rack bench (No. 4) should be of the type known as the 
American,* in which two circular saws are mounted one 
above another, but with their peripheries revolving in 
the same line. The use of these two saws — one of which 
cuts into the top and the other the bottom of the log — of 
moderate diameter, is preferable to a single saw of very 
arge diameter. The depth of the saw cut can also be 
ncreased by arranging the log to travel outside the saw, 
this part of the bench at the same time being made lower: 
this obviates the necessity of the travelling table and log 
passing over the saw spindle, as is the case in most 
machines of English construction. In this form of 
machine it is necessary to have a special kind of adjust- 
able travelling guide, or fence, fitted with movable 
"dogs," or headblocks; these should be fixed about 3 ft. 
Gin. apart, and all made to actuate by one lever. A 

* Wliat is kno^^^l as the American rack bench is really of English 
origin, letters patent for the improvements embodied in it being granted 
to Messrs. Sayner & Greenwood in the year 1824. See " Wood- working 
Machinery ; its Rise, Progress, and Construction," by M. Powis Bale. 
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graduated scale, showing the distance from the face of 
the head-hlocks to the saw, should be provided, so that 
the sawyer can see at a glance the thickness of the cut he 
is going to make. 

The combined log, deal, and flitch frame (No. 5) should 
be able to cut up to 48 in. deep, and, in addition to being 
used for converting timber into flitches, planks, or boards, 
it can also be used for sawing the carriage and waggon 
soles, sheathing, &c. 

For cutting valuable woods into panelling, the hori- 
zontal single-bladed saw-frame (No. 7 on plan) is to be 
preferred, as each board may be examined with regard to 
its soundness as it is cut; and as the saw — which is 
arranged to cut both ways of the traverse — it carries is of 
thin gauge little wood is wasted : the power requii^ed to 
drive is small. 

The band-sawing machine (No. 6 on plan) can, if 
desired, be arranged with a travelling table, and be used 
for breaking down heavy logs. The work turned out on a 
carefully-handled band saw of this kind is very clean, and 
the power used is small ; but, owing to some little diffi- 
culty in keeping the saw to the line, their adoption in this 
country for this work has certainly not progressed as fast 
as the many merits of the machine deserve. For sawing 
out brake blocks, seat arms, curved supports for roofs of 
carriages, door-frAmes, &c., the smaller machine (No. 12) 
can be used. The various saw benches for sawing to 
dimensions, cross-cutting, grooving, &c., numbered on 
plan, do not require any special notice, except that we 
prefer that No. 10, the cross-cutting bench, should be 
arranged for the saw to move through the wood instead 
of the wood being pushed through the saw; this can 
readily be accomplished by mounting the saw on a hori- 
zontal sliding bracket, arranged with a self-acting feed. 

D 2 
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Should more than one saw be mounted on a saw bench, 
and it be used for edging pui'poses, it will be found best 
to regulate the position of the saw by means of a jiedal 
movement, as the man is thus enabled to have free use of 
his arms to keep the wood in position. No. 11 on plan, 
a combined ripping and cross-cutting bench, should be 
especially made for accurate dimension sawing. The 
saws are usually mounted on a revolving arm, and either 
of the saws required for use can readily be brought above 
the surface of the table. A figured quadrant for setting 
out should be fitted, and also a travelling slide for cutting 
mitres, &c. 

We now pass on to section 3, which consists, as we have 
before remarked, of various kinds of planing and mould- 
ing machinery. No. 13 on plan is a combined roller-feed 
planing, jointing, tonguing, grooving, and moulding 
machine, especially adapted for planing carriage floor 
boards, chamfered waggon sides, soles of carriages, &c.; 
perhaps the most useful size for railway work is one to 
plane wood up to 16 in. wide by 6 in. thick. The vertical 
side cutters should be arranged to angle, and they will be 
found very serviceable in beading and chamfering, as well 
as tonguing and grooving. We have elsewhere given 
some notes on planing machines of this t^-pe, so will 
proceed to No. 14 on plan. 

The tr^dng-up and planing machine (No. 14) will be 
found extremely useful in railway works, in planing to 
dimensions and taking out of winding waggon and car- 
riage soles, cross-bearers, stretchers, buffer-beams, and 
such like heavy work ; it will also be found advantageous 
for edging to one exact gauge, as several waggon soles 
or a number of boards may be cramped together on edge, 
and passed under the cutters at the same time. 

Owing to the difficulty of keeping very wide planing 
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irons time when they exceed 24 in., it is preferable to use 
four short ones, and airange them in succession, one on 
each side of the cutter-block ; this plan, although causing 
a little more trouble in adjusting, does away with tlie 
difficulty of sharpening. In some machines the cutter 
spindles are arranged to run on centres ; this plan may 
answer tolerably well for light machines, but for our imrt 
we much prefer an ordinaiy horizontal bearing with end 
adjustments. In these and all other planing cutters the 
author in his practice has done away with the ordinary 
square-edged cutter-block for- 
merly used, which allowed the 
iron to overhang considerably 
the edge of the block ; he now 
brings the edges of the block 
forward to within about ^ in. 
of the cutting edge of the 
plane iron, at the same time 
curving and recessing the 
under part, to do away with 

^««««« ^^ ^^.^«l ^^A ^U^^ « FIO. 11. — IMIMIOVEI) AIlIlANdE- 

excess of metal and allow a ^^^^^^ ^^^, vlx^i^h ikons. 
better clearance, introducing 

three cutters wherever possible : this arrangement will be 
readily understood by fig. 11. The cutter is thus much 
stiffened, and the block acts also as a chip-breaker. 

For roller-feed planing machines a roughing cutter 
should in all cases be arranged to operate first on the 
under side of the board, so as to give it a true bed, on 
which to receive the operation of the other cutters. 

No. 15 is a panel-planing machine, to work wood up 
to 24 in. wide by 4 in. thick, and fitted with veiiical side 
cutters ; it is one of the most useful machines that can 
be found in railway can'iage works, as the carriage panels 
can be planed and tongued to fit into the uprights and 
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door frames without any band finishing. The panels, 
which are often of valuable wood, usually vary in thick' 
ness from i in. to ^ in., and, to avoid splitting them, this 
machine requires to be very carefully made and handled. 
The author, in machines of recent construction, has 
arranged the cutter-block with three knives instead of 
two, as usually fitted in these machines, and he has found 
this addition has made a marked improvement in the 
quality of the work, and fewer panels have been split or 
damaged at the edges ; at the same time he has reduced 
the diameter of the cutter-block used. The cutter-block 
should be driven by a pulley on either end of the spindle. 
If one pulley only is used, the torsion in planing wide 
pieces is often considerable, and b}"^ using two belts the 
strain is equalized between the two bearings. The feed 
rollers should be all geared together, and those delivering 
the wood should be smooth on the surface, so as not to 
mark the panels when finished ; adjustable pressure bars 
should also be arranged close to the cutter-block. A 
variable feed should be fitted, so that the rate may be 
adjusted to suit difierent kmds of wood or thickness 
of cut. The framing of the machine should be cast in 
one piece, and a gauge fitted to show thickness being 
planed. 

No. 16 on plan represents a panel-scraping macliine for 
finishing the board after it has left the panel-planing 
machine ; the scraping is performed by means of a fixed 
plane ii'on, which is made to project slightly above the 
level of the table of the machine : on this plane iron a 
kind of "bvu:r '' is made, and the wood is forced over it 
by powerfully-geared rollers. 

Passing next to the tenoning machines (Nos. 17 and 
18 — see plan, fig. 9), the heavier machine (No. 17) 
should be specially designed for cutting single or 
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double tenons on the sides, bearers, and diagonals of 
the under frames of waggons and carriages. The author 
thinks it best, owing to the weight, to arrange the table 
with a self-acting traverse motion, and at the same time 
make it to swivel. The table should be made wide 
enough to take, say, four waggon sole-i)lates at once, and 
double tenons can be cut on them at one passage of the 
table past the cutters ; the table can then be swivelled 
round, and during its passage backwards tenons are cut 
on the opposite ends. Tenons on the diagonals can also 
be readily cut by this arrangement. The middle of the 
three-cutter head should be made movable, and the 
machine can then be used for rebating the ends of tlie 
sole-plates for the iron rings. An extra slide canning a 
cross-cut saw can be mounted on tliis machine with 
advantage, so that all the pieces of timber can be brought 
to one exact length at the same time that the tenons are 
being cut. One great advantage in the swivelling table 
we have spoken of is that, when once the wood is fixed, 
all the tenons are cut without its being moved, and they 
are all exactly pai*allel to each other. 

The machine should be of substantial construction, 
with a bed-plate cast in one piece and extended so as to 
carry both the vertical column of the machine and the 
table. If desired, this machine may be arranged so that 
the wood remains stationary, and the cutters made to 
travel past the end of the timber. 

Taking next the heavy steam mortising and boiing 
machine (No. 21), this should be of the vertical type, and 
specially adapted for cutting moitises in carriage soles 
and headstocks. It should be capable of carrying timber 
not less than 15 in. square, and cutting a mortise 2^ in. 
wide. The colmnn and bed of machine should be a cored 
casting, made in one piece, with extended base-plate, and 
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of heavy section, as the constant stroke of the chisel in 
hard wood sets up a considerable amount of jar and 
vibration, which it is xery necessarj' should be overcome. 
A separate vertical boring spindle should be provided of 
sufficient range to reach the bottom of the deepest mor- 
tise, the centre of the boring bit being exactly in a line 
with the centre of the chisel, so that after a clearance 
hole has been bored in the wood it has only to be moved 
laterally to bring it directly under the chisel's action. 
Although the machine is somewhat more complicated, we 
are in favour of the chisel being arranged with a graduated 
stroke, and not, as in some machines, with a positive 
blow — that is the chisel being allowed to plunge into the 
wood the full depth of the mortise at the first stroke, 
thus, in hard wood especially, causing an undue strain on 
the machine, breakage to chisels, and other evils. Occa- 
sionally the boring spindle of these machines is arranged 
with a self-acting horizontal traverse motion for making 
slot mortises, and for recessing purposes, and this will be 
found an extremely useful addition. In heavy mortising 
macliines we prefer the chisel to be driven from the base 
of the machine, as it will be found much steadier in work, 
and more compact than the American plan of placing the 
driving crank and pulleys at the top of the machine 
column. As regards the best form of mortise chisel con- 
siderable difference of opinion exists. We have for soft 
wood mortising found a solid cast steel chisel, tapered 
on back and sides, and with or without a serrated back, 
answer extremely well. Less trouble is found in remov- 
ing the core when a serrated-backed chisel is used, as a 
greater pait of it is withdrawn at each stroke of the 
chisel. For hard wood, Wood's i^atent chisel is a very 
good one. This chisel is forged with flanges on the back, 
and these, instead of being made parallel, as has hitherto 
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been the ease, are tapered outwards from the nose of tlie 
chisel upwards, thus allowing clearance for the wood as 
it is cut at each stroke of the chisel. In sharpening 
these chisels it is important that the angle of the side 
flanges is not altered, and the points should be kept at 
the same projection. 

No. 19 represents a horizontal slot mortising and 
boring machine. For heavy, rough moiiising it will be 
found very valuable, especially for hard woods ; in this 
machine a round-ended mortise is formed by a revolving, 
routing tool, working horizontally. The table carrying 
the wood is arranged with a self-acting lateral motion, 
and suitable stops regulate the length and depth of the 
mortise ; it can also be used for recessing purposes, and 
the power required to drive is small. This type of 
machine is much used on the Continent. 

No. 20 is a vertical multiple boring machine ; it should 
be arranged with at least three different boring spindles, 
to avoid as much as jjossible the necessity of constantly 
changing boring bits for the different-sized holes found 
in the soles and other parts of cai'riages and trucks. It 
will be found convenient to mount the various boring 
spindles in a slide arranged with a lateral traverse 
motion over the timber to be bored. The spindles should 
have a vertical motion of about 18 in., and be fitted with 
collars or other arrangement to gauge the depths being 
bored. As head-stocks, soles, and many of the pieces of 
timber used in railway works are heavy to move under 
the boring bits, it will be found an improvement to fit to 
the table a series of rollers, over which the timber can 
be pushed ; at the same time stops or crami)s should be 
fitted to keep the timber from rising whilst being bored. 
The rollers carrying the timber may by means of spur 
gearing be made to revolve in either direction, and the 



42 SA W'MILLS. 

wood may thus more rapidly be brought under the action 
of the bits. The author has found a modified form of 
the American screw auger superior to any other boring 
bit he has used. The driving pulleys should be of 
different diameters, so as to give a imiform cutting sjjeed 
to the boring bits. 

Very useful tools for carriage works are sand-pax^ering 
machines (No. 22), especially for preparing panels, &c., 
for paint or varnish. For flat, plain surfaces a machine 
arranged after the manner of a panel-planer is very rapid 
and serviceable. In this machine the wood is passed 
through by a pair of plain feed rollers, and a drum 
covered with sand-paper revolves at a high speed below 
it. This plan effects a large saving over hand labour, 
and the work turned out is better and more uniform. 

No. 30 represents another form of sand-papeiing 
machine that can be hung from a wall bracket or post, 
or from a separate cast iron column. In this machine 
the work is performed by a disc, covered with sand- 
paper, which is made to revolve at a suitable speed, by 
means of a number of flexible arms or elbow-joints. 
The disc can be moved in any desired direction by the 
workman, the wood being placed on a table beneath it. 
The disc is made adjustable to different thicknesses of 
wood by means of a hand wheel and screw. A small 
exhaust fan is usually attached to the block which carries 
the sand-paper disc, and rapidly removes all dust from 
the face of the work, and the operator is thus able to see 
at a glance when the right amount of finish is obtained. 
For short pieces or irregular work it is necessary to pass 
them over a plain revolving drum or endless band covered 
with sand-paper or a composition. 

No. 29 is a double-spindle irregular moulding and 
shaping machine, which will be found a most useful tool 
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in railway carriage works for moulding the cornices and 
headings in carriages, seat arms, window sashes, door 
frames, &c. 

Although the machines for the manufacture of wood- 
work for the permanent way are not sho^vn on the plan, 
it TCLKy be as well to notice them briefly here. 

The circular saw bench for sawing sleepers is best 
arranged with an endless chain feed ; it should be fitted 
to carry two saws, if desired, for double edging boards as 
well as for sawing sleepers. The timber is brought up 
to the saw by means of moveable dogs, which fit in the 
links of an endless pitch chain, which is made to revolve 
over corresponding drums mounted at either end of the 
bench. The best plan for sawing, adzing, and boring 
sleepers with which we are acquainted maj' be briefly 
described as follows: — Endless belts carry the wood 
between uprights the width of the rough sleeper to be 
prepared, six circular saws are erected, under which the 
belts carry the sleepers, the two outer saws cut the 
sleepers to the length required, whilst the other four saws 
are set in pairs, and in the proper position for making 
cuts to a certain depth in the sleeper, between which 
cuts the wood is to be removed for the chairs to be 
seated. The belts then carry the sleepers under the 
adzes, or sets of cutters, which revolve horizontally, 
whereby the wood between the two cuts last mentioned 
is removed, and the seats for the chairs are formed. 
The sleepers thus prepared are carried by the endless 
belts to the boring machine, which is arranged to bore 
simultaneously the four necessary holes in the sleepers, 
either vertically or at an angle ; after boring they can be 
delivered from the machine by the belts. 

The operation of the axe and hammer handle dressing 
machine is sufficiently well known; we may add, how- 
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ever, we i^refer the plan of dressing the wood across the 
gram in preference to with the grain, as, although the 
handles may take rather more buffing or finishing, there 
are less wasters made than by the plan of dressing with 
the grain, as in working awkward or cross-grained wood, 
pieces are apt to be split out by the cutters chiefly when 
the handle is approaching completion. 

Our plan does not show the various additional yards 
and buildings necessary for carrying on a general railway 
carriage and waggon works : these include — (1) a large 
wood yard traversed by a gantry and overhead traveller 
where the timber is in the rough; (2) a department 
where the wood is stacked after being sawn, &c., for 
future use ; (3) stoves and chambers for desiccation ; (4) 
creosoting department; (5) department for preparing 
woodwork connected with permanent wa}' ; (6) forge 
and turning shop. The desiccation of timber, being here 
somewhat out of our province, we will simply remark 
that it is usually, we believe, desiccated for about 
eighty-four hours, during which time the temperature 
is gradually raised up to 50° C. ; and in this process 
woods usually loose from 5 per cent, to 10 per cent, of 
their weight. 

In arranging machines for working wood it is advisable, 
wherever possible, to arrange the heavy machines which 
require the greatest power near to the motor, and the 
lighter machines further away. Care should also be 
taken to place the driving pulley of any machine re- 
quiring large power as near as may be convenient to a 
bearing. Where there are several large machines they 
should not all be set to drive in the same direction, or 
the excessive torsion on the shaft will cause the bear- 
ings to deteriorate rapidly. Tramways for bringing the 
wood to and from the various machines should be laid 
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down, and an overhead traveller should traverse at 
least that part of the mill where the log sawing is 
done. 

When the various machines are fixed, arrangements 
should be made that in starting the belt is passed from 
the loose pulley to the tight very gradually, by means of 
a coarse-threaded screw or some similar method, as the 
shock caused by the starting of a heavy machine suddenly 
is very considerable, and is decidedly detrimental to its 
working parts. 
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CIIAFrER IV. 

f/n/nvK rowKU rou haw-mills. — watek-powek. 

WiiKiU'; Mij/rHjiciit wat(;r-powcr is obtainable, it is un- 
tfl(;iibi4i(lly tlio iiiOHt <?coiiornical force to employ, and a 
w«iII-<?oiiHtnu5i(j(I wfitor-whcel or turbine can without doubt 
hi) woi'k(ul with fiir gniuter economy than steam ; as, how- 
«vnr, II Hufll(tMjnt huad or fall of water is not often to be 
had hi a Huitai)h) ])oHiti()ny at any rate in England, steam 
itiiiNi hn of iK'ccmHity tho power most generally employed. 
Althoiiffh in Holhmd and some other countries windmills 
lir« o(U'aHi()nalIy iiH(»d for driving sawing machinery, from 
tho oompanitivrly Huutll poAver obtainable, and from its 
lrn»Kuhu' and intt^rmiiiout action, it is unsuitable for this 
purpoNO, 

Wo truHt wn may not bo accused of being before the 
Ihutm whon wt> prognosticate a future for electricity in 
tMunuH^lon with wood-sawing and conversion. 

In dint riots whoiv wator-powor is available, and where 
(\w\ in doar, thoro is no reason why an electric motor 
should not bo usod and bo of givat value, tlie power being 
O\mvoyod by n\oaus of wiivs to any ivasonable distance ; 
wo \^U'«olvo5* havo ahvady stvn a largo circular saw bench 
dvixon bv oloolrioity^ and 11 in, deals out with ease: in 
I hi* oa»o au oUvtvio motor was ooupW directly to the 
«u^w *puuUo \u Uou of fast and Kv^e pulleys, and the 
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power was transmitted by wires from the generator some 
distance away. The importance of the application of 
electricity to driving machinery will more readily strike 
us when we consider the endless uses it may be put to m 
a large city, such as sawing, printing, winding, pumping, 
grinding, &c., and we do not see any reason w^hy large 
power should not be generated at a central station, and 
let out to users at so much per h.-p., after the same 
fashion as gas is sold at per 1,000 ft. 

As these pages may fall into the hands of some readers 
— more especially abroad — who may be able to utilize 
water-power, a few notes on the different types of water 
wheels may not be out of place. The ordinary vertical 
water wheel is constructed of three types, which are 
known as the undershot, the overshot, and the breast 
wheel. The undershot is the oldest type, but as it 
receives its motion from the momentum of the water 
employed, and not from its weight, it can only be used 
where there is a large and constant supply of water, with 
a tolerably rapid flow. Where the depth of the water is 
subject to much variation, an undershot wheel is not to 
be recommended, as it is apt to be " drowned," or, in 
other words, becomes immersed too deeply, and its whole 
power neutralized. An undershot wheel has the advan- 
tage of low first cost, and is easy of construction ; but, 
except under especial circumstances of situation of the 
stream or volume of the water supply, an overshot or 
breast wheel is to be preferred, as they, both of them, 
produce a much greater mechanical effect with a much 
less flow of water. 

For driving an overshot wheel a considerable fall is 
necessary, and where this can be obtained, and where 
water is scarce, this form of vertical wheel is to be pre- 
ferred to any other, as the water required to produce a 
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certain power is very much less. With an overshot wheel 
a fall in the stream of at least one-eighth more than its 
diameter is necessary. The overshot wheel has the ad- 
vantage of utilizing both the weight and the momentum. 

The breast wheel, which mav be considered a combina- 
tion of the i^rinciples embodied in the under and overshot 
wheels, is i^referred by many, and is largely used where a 
fair sui^ply of water is obtainable. In the case of breast 
wheels the water is governed by a sluice in tlie usual 
manner, and is delivered on to the floats slightly below 
the axis of the wheel. The wheel race is built so as to 
fit the wheel, the brickwork running parallel to and 
nearly touching the floats ; thus little or no water is al- 
lowed to escape without acting on the floats and turning 
the wheel. Another advantage in the use of the breast 
wheel is that a wheel of a larger diameter than the height 
of the fall may be used, and, should floods occur, the 
back-water has a much less retarding effect on it than on 
the other forms of vertical wheels, and sur2)lus water is 
more easily received and got rid of. 

In selecting or constructing a water wheel the especial 
exigencies of the site, the velocity of the flow of water, 
the power and the speed required, must alwa^'S be borne 
in mind, as the type of wheel that may suit one case 
may not suit another, and much disappointment may 
be avoided by having a wheel as far as i^ossible adapted 
and proportioned to the requii*ements of each separate 
case. 

It is important that the type, height, shape, and width 
of the wheel are well adapted for tlie work required. 
Should a considerable speed be necessaiy, such as in 
driving sawing machiner}", a smaller wheel with wider 
floats should be used ; if a moderate or slow rate of speed 
is all that is necessar}^, the width of the wheel must be 
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reduced and the diameter increased. All intermediate 
toothed and other gearing to increase speed should be 
avoided as much as possible, as the friction thus 
caused reduces considerably the eflfective power of the 
wheel. 

As regards the power given out by the three types of 
wheels, the palm must be given to the overshot wheel, 
which is estimated to give from 60 to 80 per cent, of the 
theoretical power ; next comes the breast wheel, which 
gives 45 to 50 per cent. ; and lastly undershot wheels, 
which give from 27 to 30 per cent. In calculating for the 
size and power of a wheel great care must be taken in 
measuring the height of the fall and volume of the water 
available in summer and winter ; 750 lbs. weight, or a 
flow of 12 cubic feet of water per second, is considered 
equal to 1 h.-i). for each foot in height of its fall. As 
regards the speed at which water wheels should rim to 
secure the greatest efficiency opinions differ somewhat ; 
about 6 ft. per second at the periphery may, however, be 
taken as a safe speed for breast w^heels, and for undershot 
wheels about one-half the speed of the stream utilized. 

To ascertain (aj^proximately) the quantity of water 
flowing through a sluice or penstock, to determine the 
power of a water wheel : — 

Rule, — Measure the depth from the surface of the water to tlie centre 
of the orifice of discharge, in feet, and extract the. square root of that 
depth ; multiply it by 6*4, which will give the velocity in feet j)er 
second, and this multiplied by the area of the orifice (also in feet) will 
give the number of cubic feet which will flow through in a second. 
From knowing the quantity of water discharged and the height of fall, 
not only the size of the wheel, but its power, may be calculated. In the 
under-shot wheel the power is to the effect nearly as 3 to 1, while in the 
over-shot wheel it is double, or as 3 to 2. 

Where a small fall of water only can be had, the hori- 
zon al water wheel or turbine has several advantages, and 

E 
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is coming gradually more into use. Turbines have the 
advantage over vertical water wheels of a lower first cost ; 
they also run at a higher speed, obviating, as a rule, the 
use of much intermediate gearing; they also have the 
additional advantage of being capable of being used where 
there is a very low fall of water — say from one foot. 
Turbines may be divided into two chief classes — outward 
and inward flow. In the former the water flows in at the 
centre of the wheel, and is discharged at the circum- 
ference, and in the latter this operation is reversed ; there 
are, however, several modifications of these systems, in- 
cluding the parallel flow, and another, considerably used 
in France, is arranged so that the water flows into the 
wheel from above, and passes through it. Turbines are 
constructed of two types, which are known as the high 
and low pressure; that is, in the former case a small 
quantity of water with a high fall, and in the latter a 
greater quantity of water with a small or low fall, acts on 
the wheel. As in the case of vertical water wheels, in 
the economical use of turbines much depends on their 
exact adaptation to the sti-eam and site where they are 
employed, and in every case these points should be care- 
fully studied and the turbine constructed accordingly, a 
considerable margin in the power required being allowed 
in all cases for any insufficiency in the water supply that 
may occur. The introduction into general use of the 
turbine has been considerably retarded by these points 
not being borne in mind, and by the construction of a 
number of wheels of exactly the same pattern, whether 
they met the requirements of the case or not, when a few 
simple modifications might have secured a far higher 
practical result. For instance, the curvature of the fixed 
partitions and floats that may in one case be suitable, 
may in another be increased or diminished with a decided 
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gain in effect. The number and size of them also should 
be varied according to the water supply. 

A well-designed and constructed tm'bine can be worked 
with great economy, and being fixed beneath the surface 
of the water may be used in flood-times ; it also gives a 
motion of greater uniformity than is obtainable from 
vertical water wheels. The buckets are usually con- 
structed in sections, which may be shut off as desii'ed. 
Should the supply of water or the power required be 
limited, only water in ratio to the power wanted need be 
used. The admission to the wheel of the quantity of water 
in ratio to the power desired, and also a fixed rate of speed, 
can be secui-ed by the use of governor gear of a somewhat 
similar type to that usually used on a steam engine. 

In some wheels of recent construction the ordinary 
footstep bearings which support the vertical shaft of the 
turbine, and which are usually constructed of lignumvitae, 
have been much modified and improved : the wheel is also 
hung from the top ; thus less trouble is caused by the 
excess of friction on the footstep bearing from the weight 
of the wheel. When the wheel is thus hung or balanced 
the vertical shaft is kept in its place at the base by a 
bearing fitted in the guide piece. Some prefer to make 
the base of the vertical shaft hollow, and to rim it on a 
fixed centre, but this plan requires careful fitting and 
constant lubrication. 

Should a turbine be employed, a screen to catch weeds, 
leaves, &c., should be erected in the flow, as this form of 
wheel, especially the smaller sizes, is apt to get choked, 
and the blades or buckets are occasionally broken. When 
the fall is a high one, and consequently the turbine of 
small size, it will be found advantageous to enclose it in 
a cast-iron chamber and conduct the water to it through 
a pipe. 

£ 2 
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A turbine known as the Jonval is used considerably on 
the Continent. In this form of turbine the water is ad- 
mitted through a supply pipe, and enters the turbine 
parallel with the vertical driving shaft. After passing 
through the buckets or vanes of the wheel it passes away 
through a tail water pipe ; the power is regulated by 
opening or closing the water-guide passages. 

Another ver}'^ useful form of turbine is the Vortex, the 
invention of Professor James Thomson. In this turbine 
the water is admitted at the periphery, and passes out at 
the centre of the wheel, the exact opposite of the outward- 
flow type. It is claimed for the Vortex wheel that by its 
use a more regular speed can be secured, as the whirling 
motion produced on the water whilst driving the w^heel is 
gradually subdued, and the water j)asses away in a steady, 
even stream. The whirling water also acts as a governor 
or regulator of the water supply, as should the load be 
taken o& the wheel, and the speed therefore increased, 
the excessive whirl or motion produced on the water 
retards considerably the entrance of fresh water. There- 
fore the speed developed is not usually excessive, but 
should a heavier load be placed on the turbine the whirl- 
ing motion — consequent on the slower speed — ^produced 
on the water is less, and therefore a larger supply of water 
is allowed to enter. 

In America, the wheels known as the Houston, the 
Swain, Leffel's double turbine, the Hercules, and the 
Victor are much used. The Leffel wheel has two series 
of buckets situated one over the other, but differing in 
arrangement. The water is directed by means of adjust- 
able guides from the periphery of the wheel to the centre. 
The top series of vanes, or buckets, are simple radii, and 
discharge horizontally ; the bottom series of buckets are 
curved, and discharge downwards. It is claimed for this 
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turbine that by the use of two sets of buckets friction is 
much reduced, and a larger amount of eflective duty 
obtained. We should imagine, however, from its con- 
struction, it would consume a much larger amount of 
water than any other types of wheels. The wheel kno^vn 
as the Victor receives the water uj^on the outside, and 
discharges it downwards and outwards, the line of dis- 
charge occupying the entire diameter of the lower portion 
of the wheel, excepting only the space filled by the lower 
end of the shaft. In a recent trial, it is stated that a 
15 in. wheel of this type under an 18*34 ft. head of water 
gave out 29*86 h.-p., or about 88 per cent, of useful 
effect ; we are afraid this statement must be taken cum 
grano salis, but if it should be correct this wheel must 
be held to have sui*passed most other types now con- 
structed. 

The wheel most largely used in Europe is the outward 
flow or Fourneyron wheel — so called after its inventor — 
and taken altogether, we are of opinion that this is 
perhaps the best form for falls of ordinary height, 
being simple of construction, easily worked and main- 
tained, and giving out a very large percentage of useful 
effect. 

The most difficult paii of a turbine to keep in order is 
the footstep or pivot bearing, especially if heavily loaded ; 
this difficulty has in a great measm-e been removed by 
the invention of a hydraulic bearing, consisting of a pair 
of recessed cast iron plates, one of which is fixed on the 
floor of the mill race, and the other on the bottom of the 
hollow part of the shaft. Water is introduced by means 
of a pipe between these plates, and supports or cushions 
the vertical shaft which canies the wheel. This form 
of turbine should in all cases have fitted in its lower 
chamber a mud valve, which enables any accumulation of 
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debris to be blown out by the pressure of the head water 
without stopping the wheel. 

In calculating the power required fi'om a turbine, a 
considerable margin must be allowed ; on a well-designed 
and constructed machine about 25 per cent, for loss 
through the friction of the water on the buckets, &c., of 
the turbine, and friction on the bearings. This loss 
through friction is necessarily greater where the flow of 
water is very rapid, or where there is any eddy or cross 
flow of the water, which is occasionally the case when the 
turbine is fixed in the bed of a river. 

Before concluding our notes on turbines we may 
remark that strength, compactness, and simplicity of 
details, with economy of water and maintenance, are the 
chief points to be desired in a turbine, and the working 
parts of the wheel should be easily accessible for repairs 
or adjustment. 

Our illustration (fig. 12) represents an improved and 
simple form of outward-flow turbine arranged for a low 
fall of water. One of the improvements in this wheel 
consists in bringing the head water to bear underneath 
the wheel, so as to cause the upward pressure of the head 
water to exactly balance the downward pressure and 
weight of the wheel with its upright shaft, and in this 
way the fidction and wear on the bearings is very consi- 
derably reduced. Another feature consists in the sim- 
pUcity of its water supply regulator, which is arranged so 
that it can be started or stopped, or its speed controlled, 
with the greatest facility. 

Great care should always be taken in measuring and 
estimating the water supply available both in winter and 
summer. In small streams the best plan for calculating 
the supply is to dam the stream across with a large board, 
and cut from the board a rectangular piece, not exceeding 
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two-thb-ds of tlie width of the stream, and of sufficient 
depth to allow all the vater to be measured to pass. 




Bevel off the wood over which the water passes towards 
the direction in which it flows, drive a square-topped 
stake into the bed of the stream from the cross board or 
dftm, make the top of this wood exactly level with the 
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crest of the board over which the water flows; now 
measure exactly, by means of a square, the depth of the 
water above the stake driven in, and this will give the 
true depth of the water upon the crest of the board or 
dam. The board used must be of sufficient width to dam 
the stream to a dead level before it x>asses the dam or 
weir. A fall of not less than six inches should be given 
to the water by the dam, measured from the crest over 
which it passes. 

In larger streams, where the w'ater is too deep to 
measure by dam or weir, the plan usually pursued is to 
gauge by means of a float. In the first place, the dis- 
tance between the two fixed points in the stream, where 
the water runs evenly and smoothly, should be accurately 
measured. If no points are convenient for measm^e- 
ment, drive in two stakes, say 20 ft. apart. Take a 
float and attach to it a weight that will sink it, say a foot 
under the surface of water ; now take accurately the time 
the float takes in travelling from one fixed point to the 
other, repeating the experiment several times to avoid 
mistakes. The average velocity or flow of the stream 
per minute can thus be easily calculated. Now measure 
as accurately as i)ORsible the depth of the stream in 
several places, and strike an average width of the stream. 
With these figures the cubic feet of water passing per 
minute, and the estimated number of horse-power can 
be obtained without much difficulty. In fixing tur- 
bines in a water race, care should be taken that ample 
space both in depth and width is provided for the 
easy discharge of the water from the wheel. If the 
bottom is at all soft or muddj', it should be jirovided 
with mud-cells, lined either with masonry, concrete, or 
timber. 

When there is a surplus of water the discharge pit 
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should be of extra depth, to avoid any back-lash on the 
wheel, wliich has a retardmg effect on its performance. 
The pit should extend at least 3 ft. beyond the periphery 
of the wheel towards the tail race, and may be gradually 
sloped up to it. The timber framing which supports the 
wheel must be of ample strength and well stayed, to 
prevent its springing when in work, as the strain upon 
it by large wheels is very great. Should it be allowed 
to spring, the wheel and shafts will probably be thrown 
out of the vertical line, and the useful effect produced 
from the wheel considerably lessened, and the cross shaft 
will not run i^roperly. Hard timber should be used for 
the framing, and great cai*e must be taken with the joint- 
ing ; flooring timber should run in the direction of the 
stream, and be level with the tail water when at rest. 
The face of the staging or masonry to receive the wheel 
should be dressed to a dead level. 

A point of considerable imj^ortance in the effective 
working of the turbines is the construction of the races 
for bringing the water to and carrying it from the wheel. 
Abrupt turns or elbows must be avoided as far as i>os- 
sible, as they break the regular and even flow of the 
water, and reduce its working power. The tail race 
should be of equal capacity to the head race. Stilwell 
calculates that for every 85 cubic feet of water used by 
the wheel per minute there should be one square foot in 
cross section in all the water passages leading to and 
fi'om the wheel, including the opening under the pen- 
stock, through which the water passes after leaving the 
wheel. As far as our experience extends we think the 
above area much too confined, and should give at least 
25 per cent, more, as a steadier and more even flow of 
water can be obtained, and the eddying and rushing of 
the water that a confined space brings about is con- 
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siderably lessened. In constructing races we take the 
great point to be how the volume of water can be 
brought to and from the wheel with the least possible 
amount of friction, and the better this is done the 
greater will be the efficiency of the wheel. The speed 
of the water as it enters the wheel should not exceed 
a velocity of about 15 in. per second. If this speed is 
exceeded the friction becomes very excessive, and the 
working parts of the wheel rapidly deteriorate. As in 
all other machinery, the bearings of turbines should 
be carefully looked to. They should be set " dead 
true,'* and adjusted or renewed as worn. Should they 
be allowed to get out of order, the friction of the shaft 
is much increased, and, therefore, the effective power of 
the wheel is lessened. 

Residents abroad, when seeking information or quota- 
tions from manufacturers, should in all cases give the 
following particulars : — 1, what actual power is required ; 

2, what kind of machinery the wheel is required to drive ; 

3, what speed the main shaft is to run at ; 4, the exact 
fall in feet and inches from the surface of the head water 
to the surface of the tail water available to drive the 
turbine, and to what extent it is affected by drought or 
floods ; 5, how manj'- gallons or cubic feet of water the 
fall will jdeld per minute; 6, rough sketch of site, if 
much sand in water, and nature of soil of bed of stream ; 
7, the length of pipe (if any) requked to convey the water 
(a h.-p. is considered equivalent to 33,000 lbs., raised 
1 ft. per minute) ; 8, it should also be stated whether 
the blades of the wheel are required to run from left to 
right or from right to left, or, in other words, whether 
the wheel is required to run with the sun or against the 
sun. 

As likely to prove of service to our readers, we 



MOTIVE POWER FOR SAW- MILLS. 



59 



append herewith a table for weirs recently calculated 
by Mr. Stilwell, of Dayton, U.S.A., an engineer of 
considerable experience in this class of work. 



Table for Eectangular Weirs. 
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1 
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1 


0-40 


0-41 


0-56 


0-65 


0-74 


0-83 


0-97 


1-03 


2 


M4 


1-25 


1-36 


1-47 


1-59 


1-71 


1-84 


1-96 


3 


2-09 


2-12 


2-36 


2-60 


2-64 


2-78 


2-93 


3-06 


4 


3-22 


3-38 


3-53 


3-69 


3-85 


4-01 


4-17 


4-35 


5 


4-51 


4-68 


4-85 


5-02 


5-20 


5-38 


5-56 


5-74 


6 


r>-92 


6-10 


6-30 


6-49 


6-68 


6-87 


7-07 


7-27 


7 


7-4Pi 


7-67 


7-87 


8-07 


8-28 


8-49 


8-70 


8-91 


8 


9-12 


9-33 


9-55 


9-77 


9-99 


10-21 


10-13 


10-66 


9 


10-88 


11-11 


11-34 


11-57 


11-80 


12-04 


12-27 


12-51 


10 


12-75 


13-15 


13-23 


13-47 


13-72 


13-96 


14-21 


14-46 


11 


14-71 


14-96 


15-21 


15-46 


15-72 


15-98 


16-24 


16-49 


12 


16-76 


17-02 


17-28 


17-55 


17-82 


18-08 


18-35 


18-62 


13 


18-89 


19-17 


19-44 


19-72 


20-00 


20-27 


20-56 


20-83 


14 


21-12 


21-40 


21-68 


21-97 


22-26 


22-55 


22-83 


23-13 


15 


23-42 


23-71 


24-01 


24-30 


24-60 


24-90 


25-19 


25-50 


16 


25-80 


26-10 


26-41 


26-71 


27-02 


27-32 


27-63 


27-94 


17 


28-26 


28-57 


28-88 


29-19 


29-51 


29-83 


30-14 


30-46 


18 


30-78 


31-11 


31-43 


31-75 


32-07 


32-40 


32-73 


33-05 



The above table for weirs gives the number of cubic 
feet per minute that will pass over a weir 1 in. wide, and 
from 1 in. to 18^ in. deep. In the left-hand column, 
marked "inches depth on weir," is the depth of water 
flowing over the weir ; and in the second column, under 0, 
is the number of cubic feet per minute for the even 
inches in depth. In the third column, under i, is the 
amount of the second column, with the additional amount 
due to the additional \ in. in depth added, and so on 
across the the table from left to right. By multi^Jying 
the number of cubic feet that one inch in width will 
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discharge, as stated in table, by the width of the weir in 
inches, the result will be the total discharge of weir per 
minute. The depth of the weir should be measured at 
a point just back of where the curve on the surface of 
the water commences. 
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CHAPTER V. 

MOTIVE POWER FOR SAW-IMILLS. — STEAM POWER. 

We now come to the very important point, what is the 
best type of engine to employ for driving a saw-mill ? It 
is said that ** doctors differ;'* we maj' add so do en- 
gineers, especially when they recommend their pet engine 
to be particularly suitable for all purposes. The duty 
required of an engine driving a saw-mill is excessively 
severe and unequal, and an engine well adapted for 
driving slow-running machinery may be found quite un- 
suited for saw-mill work. 

After considerable experience, the author is of opinion 
that for driving wood-working machinery, except under 
certain special conditions, the most economical and con- 
venient form of engine to employ is the horizontal high 
pressure, or where a low first cost is not an object we can 
strongly recommend a compound horizontal engine, ar- 
ranged with high and low-pressure cylinders, the economy 
in this system being due to the fact that a high pressure 
of steam for this class of engine is used in the high- 
pressure cylinder — from 80 to 100 lbs, or more per 
square inch — which is afterwards expanded down to a 
low working pressure in the low-pressure cylinder. This 
arrangement also does away with the somewhat elaborate 
automatic expansion gear at present generally in use. 
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So much having been done in that direction, it would 
be out of our province to write at length on the economy 
of the steam engine, but we take it that an engine for this 
class of work, to be really economical, should combine in 
its construction the following points : * — (1) a stroke of 
twice the diameter of the cylinder, (2) an efficient con- 
denser, (3) an automatic expansion slide, controlled by 
sensitive governor gear, (4) a steam-jacketed and lagged 
cylinder, (5) short steam ways, (6) ample bearing surfaces 
well fitted and lubricated, and an efficient method of 
packing, (7) large cylinder area, (8) a fly-wheel of large 
diameter and extra heavy section. 

Some of our learned theoretical friends may possibly 
object to several of these premises. If so the author can 
show them engines constructed on these lines performing 
constant and heavy saw-mill work with the greatest regu- 
larity, and with high results as regards economy. These 
engines are arranged to cut off steam early, and expand it 
for the rest of the stroke. The author does not consider a 
condenser necessary or advisable under all circumstances. 

In large engines for driving saw-mill machinery, in 
order to ensure steadiness in running, automatic expansion 
gear is especially useful, as the variation in load is often 
very great when large circular saws, &c., are stopped and 
started. We do not care for very high-speeded engines, 
although it has been somewhat the fashion to use them 
of late ; if employed, the momentum of the reciprocating 
parts should be balanced to relieve the shaft from exces- 
sive shock. In these engines, which should work expan- 
sively, the bearing surfaces should be of longer area than 
in slower running engines, and the workmanship must be 
of the first order, or they will be found to deteriorate 
rapidly. 

* See " "Wood- working Machinery, its rise," &c. 
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For saw-mill work the author prefers the bed-plate of 
the engine to be on the double girder box plan, and to 
extend beyond the cylinder, which should be mounted on 
it. If a pair of engines are used it will be found well to 
have one large fly-wheel for the two engines, placing it 
between them, with an extra pulley for driving the main 
shafting. We do not in large engines care to drive 
directly from the fly-wheel. If attached to the engine the 
pump should be driven from the cranlc shaft by a separate 
excentric, and not from the motion blocks or slide rod. 
The engine when working up to its full power should be 
free from vibration. 

As a guide to intending purchasers the author appends 
a short pro forma specification of an engine of the type 
he has found best suited for saw-mill purposes. 

A high-pressure horizontal steam engine (25 h.-p.), 
mounted on double girder box bed-plate, planed on top 
and sides, and to extend beyond cylinder ; cylinder 16 in. 
diameter by 32 in. stroke ; revolutions 70 per minute. 
Fly-wheel 10 ft. 6 in. diameter by 14 in. on face, turned 
bright. Crank shaft 6 ft. 6 in. long by 5f in. diameter, 
of best fagoted scrap iron. Engine to be fitted with auto- 
matic expansion slide controlled by sensitive high-speed 
governor gear. The cylinder to be made of best hard, 
cold blast iron, to be steam jacketed, and with steam 
chest to be felted and lagged. Connecting rod, slide, and 
pump rods to be of best fagoted scrap iron, and the piston 
rod, pins, keys, &c., of steel. All pins, joints, &c., sub- 
ject to special wear to be case-hardened. All glands to 
be bushed with gun metal, valves, and plunger of pump 
to be of gun metal. All journal bearings to be of gun 
metal and of extra area, to be made adjustable for wear, 
and efl&cient means of lubrication to be secured, excentric 
straps to be of gun metal made adjustable for wear. 
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Crank-shaft to be fitted with an outside bearing, and the 
fly-wheel not to weigh less than 2| tons. All usual parts 
to be finished bright. Feed pump to be driven from 
crank shaft by a separate excentric. Cylinder to be 
fitted with automatic steam tallow cup, and all bearings 
with brass needle lubricators. Connecting rod and ends 
to be made adjustable for wear, and fitted with straps and 
keys. Engine to be fitted with double-motion bars, and 
blocks made adjustable for wear. Stop and starting 
valve to be provided, and so arranged that access can be 
had to the throttle valve without disturbing the steam 
pipe. An extra driving pulley to be fitted to crank shaft. 

In small establishments, where much power is not 
required, or where space is of great value, vertical com- 
bined engines and boilers are often emplo3^ed ; in these 
all working parts of the engine should be made totally 
independent of the boiler, as the constant strain of the 
engine produces an injurious strain on the boiler, and 
from the expansion and contraction of the boiler the 
proper working of the valves of the engine is also inter- 
fered with. 

For forest or contractor's use, where it is necessary to 
move from place to place, the most useful form of engine 
is the portable. This engine is too well known to need 
much description. The fire-box should be made of Low- 
moor, or equal brand of iron, and strongly stayed, and 
the fire-grate surface should be of increased area, to allow 
of sawdust and other waste fuel being burnt, as well as 
coal and coke. A plan of cleaning the boiler tubes 
from soot, &c., by means of steam, has also been intro- 
duced. By the admission of a powerful jet of steam into 
the chimne}'-, a partial vacuum is formed, which draws the 
soot from the tubes into the smoke-box. When it is 
necessary to get up steam in a very short space of time, 
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this steam jet can be utilized in the same way to produce 
an increased draught. Where fuel is scarce, variable 
expansion gear can be fitted to these engines with advan- 
tage; the expansion apparatus can be adjusted to give 
the amount of power necessary and no more, and the 
full capacity of an engine need not be used unless it is 
required for actual work in progress; thus a 10-horse 
engine may, if required, be worked as a 5-horse, with a 
corresponding saving in fuel. 

In countries where fuel is expensive it is important 
that every effort should be made to economize steam, and 
a condenser is often employed. This consists of a vessel 
usually placed behind the cylinder, and in a direct Une 
with it. As some of our readers may be unacquainted 
with the action of a condenser, it may be as well to 
explain it briefly. After each stroke of the piston the 
steam passes through the exhaust port into the con- 
denser; the condenser is surrounded by a stream of cold 
water, and another jet is in constant circulation in its 
interior; the steam coming into contact with the cold 
water or with the surface of the tubes with which the con- 
denser is fitted is itself immediately condensed or reduced 
to water. In working the condenser a pump is employed, 
which removes the water and air from the condenser, 
keeping up a vacuum which is necessary to its economical 
operation; and much of the steam usually wasted is 
economized. An additional advantage gained by the use 
of a condenser is that a vacuum is formed behind the 
piston, and it is relieved of back pressure, and conse- 
quently gains an increase in power, and therefore econo- 
mises fuel. The water made hot by the condensation of 
the steam can, of course, be used to feed the boiler ; 
hence a second saving arises. As we intend elsewhere to 
give a few notes as to the economical management of 
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engines and boilers, we will now consider the best form of 
boiler for saw-mill purposes. 

The types of steam boilers at present in use are almost 
endless, and of late years so great has been the desire to 
produce something new in the means employed for gene- 
rating steam, that what Fairbaim calls the very essence 
of constructive science is often neglected, and the distri- 
bution of the material and form best calculated to ensure 
the maximum strength with the minimum amount of com- 
plication is almost entirely lost sight of. 

The selection and proper working of a boiler, it being 
the'mstrument which generates the motive power, must be 
held to be even of greater moment than the selection of 
the engine employed, which only transmits the power ; it 
is therefore a point of the highest importance that a boiler 
best suited to each individual trade or manufacture should 
be chosen, as, for instance, the boiler that would best 
suit a printer would not suit a saw-mill. In select- 
ing a boiler the chief points to be borne in mind are what 
kind of water and fuel will it be necessary to use ? in fact, 
the water should in all cases be tested, and if found to 
contain a large percentage of sulphate of lime, or 
iron, or acid sulphates, no one would dream in such a 
case of emplojdng a locomotive or complicated form of 
boiler difficult to clean, no matter what other advantages 
may be claimed for it. 

The author prefers, at any rate for saw-mills of any 
magnitude, and taking all circumstances into considera- 
tion, a Cornish or Lancashire boiler with cross-tubes, 
which is to be preferred for saw-mill purposes on the 
score of durability, and on the whole economy, as it is 
easily cleaned, repaired, and managed, which is an im- 
portant consideration especially in remote districts where 
skilled labour is not always obtainable. We strongly 
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recommend the use of coned cross-tubes, as the heating 
surface is increased and the circulation of the water im- 
proved, at the same time the strain on the joints from 
unequal expansion is reduced. The tubes should be con- 
structed of plates of somewhat thinner gauge than the 
rest of the boiler, so as to enable the heat to pass into the 
water more readily. The tubes should be arranged so 
that the heat from the fire is distributed as much as pos- 
sible, as should it be allowed a clear space it is carried 
rapidly by the draught into the chimney stack, and much 
of its power is lost. In Galloway cross-tube boilers of 
recent construction it has become the practice so to fix 
the tubes that they are nearer together at their lower than 
their upper ends, with the object of increasing the 
strength of the back flue. 

We need not here dwell on the extremely short-sighted 
policy of employing an engine and boiler of a low class, 
and would strongly recommend users not to be tempted 
by a very low first cost, as they will find it — often to their 
detriment — impossible to purchase a good and useful engine 
and boiler without paying a fair price for the design, 
workmanship, and materials embodied therein. 

The author appends a short specification of 30 h.-p. 
boiler suitable for saw-mill work. An improved double- 
flued Cornish or Lancashire boiler, fitted with Galloway 
cross-tubes. Length of boiler, 28 ft. ; diameter of boiler, 
6 ft. 6 in. ; diameter of flues, 2 ft. 3 in. ; thickness of cir- 
cular plates, J in. ; thickness of end plates, f in. ; thick- 
ness of flue plates, fin.; furnace plates of Lowmoor 
iron, fin. thick. Ordinary plates to be of Staflfordshire 
iron, " best best quality," boiler to be riveted double on 
the longitudinal seams, all rivets to be subject to a 
hydraulic pressure of 25 tons, ends of boiler to be flanged 

to shell, and supported by gusset stays riveted to double 

F 2 
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angle irons at each end. Manhole door to be fitted with 
compensating ring round mouth. Fire-door to be ar- 
ranged with air-slides, fire-box, and bars, to be arranged 
for burning sawdust, shavings, &c., as well as coke or 
coal. Boiler flues to be fitted with four Galloway cross- 
tubes, edges of boiler plates to be planed. Boiler to be 
complete with the following fittings — screw-top valve, 
one feed check valve, two safety valves, one loaded with 
weight, and the other with spring balance, steam pressure 
gauge, two glass water gauges, two gauge cocks, blow-oflf 
cock, fire bars, bearers, dead plate and damper, damper 
frame and weight. 

Where the water is pure the locomotive or multitubular 
boiler has much to commend it, as if kept clean and well 
attended to steam can be raised both rapidly and econo- 
mically, and a good pressure kept up without much 
trouble. Where vertical boilers are in use we recommend 
one of the dome type, fitted with cross-tubes, in prefer- 
ence to the ordinary multitubular form, as being more 
easily cleaned and kept in repair, especially should it 
become encrusted with deposit. 

A vertical boiler has recently been introduced which in 
a great degree overcomes the objections found in the 
ordinary vertical tubular type. In this boiler a vertical 
cylindrical shell is combined with horizontal flue tubes ; 
part of the shell is cut away at each side of the boiler> 
above the fire-box, and tubes are fitted across the boiler : 
the space between the tube plate and the shell of the 
boiler forms the combustion chamber on the one side and 
the smoke-box on the other; doors are fitted to both 
sides of the tube plates, that on the combustion side 
being lined with firebrick. By this arrangement the 
tubes may be easily swept or repaired, and the boiler 
altogether must be pronounced a decided improvement 
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upon the ordinary type. We purpose in another chapter to 
give a few notes on the fixing and management of engines 
and boilers. 

A very important matter in working steam boilers is a 
constant water supply; in many cases the pump is 
attached to and worked by the engine, but in large estab- 
lishments we prefer to have a separate pump of simple 
construction, such as the donkey pump. Injectors can 
with careful management be used successfully, but unless 
a skilled boiler attendant is emi)loyed, they may be found 
to give some trouble. 

Feed-water Heaters. 

The author recommends in all cases the use of a feed* 
water heater, as this not only raises the water to a high 
temperature before it enters the boiler, and so saves fuel, 
but it also precipitates many of the impurities contained 
in the water, and prevents them entering the boiler, and, 
in conjunction with a filter, water may be rendered free 
from minerals and acids by heating to a high temperature, 
and filtering whilst hot. Feed-water heaters have not been 
hitherto very largely used, but we take it that as skilled 
boiler management becomes more and more necessary 
on account of economy, they will be rapidly introduced. 
Complicated forms of heaters should be avoided, they 
should be easily cleaned and examined, and any tubes 
employed should be so arranged that they have freedom 
to expand or contract, and have a rapid circulation. The 
tubes should by preference be made of solid drawn copper 
or brass, as they will be found more durable and less 
liable to leakages than wrought iron. We have not yet 
seen tubes of mild steel used for this purpose, but if 
carefully fitted, we think they should answer well. 
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In the production of steam the minerals fomid in 
impure or "hard** water which give most trouble are 
sulphate of lime, carbonate of lime, magnesia, oxide of 
iron, alumina, and silica. Dr. Joseph Rogers, an 
authority on the subject of incrustation, says the evil 
effects of scale are due to the fact that it is relatively a 
non-conductor of heat. Its conducting power compared 
with that of iron is as 1 to 87*5. The estimated loss of 
heat caused by lime scale is from 15 to 20 per cent, for a 
scale of -nr^^- thickness, which increases rapidly with 
greater thicknesses. The most troublesome of the 
minerals found in impure water is sulphate of lime, which 
is caused by the combination of oxide of calcium with 
sulphuric acid; carbonate of lime causes also much 
trouble, this is composed of carbolic acid, resulting from 
the decomposition of vegetable or animal matter with 
lime or oxide of calcium. The combination of these two 
minerals with vegetable matter and mud forms a very 
hard dark scale. Oxide of iron forms a reddish scale, 
and is very injurious to boilers, as it is generally held to 
be one of the agents by which corrosion is set up; 
another and more dangerous one is sulphuric acid, found 
in mining districts, and which often causes rapid corro- 
sion. This can be separated by heat on account of its 
specific gravity, which is 1*844; to do this the water 
requires to be heated to a temperature of at least 260° 
Fahr. 

The best form of feed-water heater with which we are 
acquainted is one (Strong's patent) in which the water is 
heated to the precipitating point, and a chemical separa- 
tion takes place. In accomplishing this, exhaust steam 
is used up to 208*^ to 212*^ Fahr., after which the tempe- 
rature is raised to the precipitating point by means of a 
live steam coil. After the precipitation the water is filtered 
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through wood charcoal or other suitable material, by 
which a mechanical separation of the impurities is 
effected ; the purified water then passes out of the heater 
into the steam space of the boiler. The heater may be 
readily cleaned by a jet of live steam from the boiler. 

In some countries water of extreme softness and purity 
may be found that renders a feed-water heater not abso- 
lutely necessary, but these cases are exceptional, and 
steam users — especially those employing tubular boilers — 
will, we think, find a good feed-water heater effect a con- 
siderable economy in fuel by preventing incrustation, and 
by utilizing the waste steam and a small amount of 
live steam perfectly pore water may be i^assed into the 
boiler. 
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CHAPTEE ¥!• 

SETTING ENGINE AND BOILEB, AND THE PRODUCTION 

OP STEAM. 

In fixing the engine care must be taken that it rests 
at a dead level, both laterally and transversely. This 
can be ascertained by means of a spirit level and winding 
lath, which can be tried on the motion bars. The bed- 
plate of the engine should be securely fixed on a rigid 
stone or brick foundation. If the latter, three or more 
courses of hard bricks on a bed of concrete should be 
used. The foundation bolts should pass entirely through 
the brickwork, and be fitted with plates at least 6 in* 
square. They can, if wished, be cemented in their 
places. To lessen the vibration of the engine when in 
work, it will be found a good plan to fix it on a sheet of 
lead, or, failing that, a piece of hard wood placed between 
the foundation plates and the masonry will render the 
bolts less liable to fi:acture or work loose firom any sudden 
strain that may be put upon them. 

The proper setting of the boiler is a matter of far 
greater importance than the setting of the engine, as 
much of the safety and economy in working depends on 
this being properly done. The'boUer or boiler's should 
always be arranged so that both internal and external 
examinations can readUy be made. The masonry in 
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which the boiler is set — we are now speaking of the 
Cornish or Lancashire type — must be good and sound, 
and should in jdl cases be lined with a course of fire- 
bricks or fireclay. It should also be arranged with a 
return flue, or flues, so that the heat should pass com- 
pletely round the boiler before it passes into the chimney 
stack, and be thus utiUzed to its fullest extent. 
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We give herewith (fig. 13) an illustration of an improved 
method of setting Cornish or Lancashire boilers. As 
will be seen from the sketch, an almost complete external 
examination of the boiler may be made. Corrosion 
often takes place down the centre of the boiler, which is 
generally made to rest on a brick support or mid-feather. 
In the plan before us the bottom of the boiler is left 
entirely clear for examination, and corrosion at the 
seams can be easily detected. 
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With the object of retaining as much heat as possible, 
the external flues are often either omitted altogether, or 
made so narrow that it is impossible to make an external 
examination of the boiler without removing the brick- 
work. This is a great mistake, as often external corro- 
sion may be taking place to a serious extent, and the 
boiler attendant be entirely ignorant of the fact. Should 
a mid-feather be used it should not be of greater width 
than is necessary to support the boiler, and small open- 
ings in the brickwork should be made through which the 
boiler seams may be examined. 

The boiler should be set as nearly level as possible ; 
if not, errors may arise as to the condition of the water 
supply, one end of the boiler containing more water than 
the other. To secure safety from fire, the boiler should 
be fired from outside the main building, and for con- 
venience sake may be fixed a little below the ground level. 

The top of the boiler should be covered with a good 
non-conducting composition to prevent radiation of heat. 
We have tried, with very satisfactoiy results, a thick 
covering composed of hair felting, and paper with an 
interior lining of asbestos to prevent charring. We 
have also heard very well spoken of the compositions 
known as slag wool and' fossil meal, but cannot from 
our own experience give an opinion on them. In lieu 
of anything better, a mixture of cow-dung, hair, and sand 
will be found effective. Whatever is used it should, if 
possible, be put on in sections, which could be removed 
periodically for inspection of the boiler. These sections 
could be made in light wooden frames, shaped to the 
form of the boiler. 

In all cases the draught to the boiler should be regu- 
lated by a damper, and this, wherever possible, should 
be arranged to work by steam automatically, as it 



SETTING ENGINE AND BOILER. 75 

requires no attention and is regular in its action, and 
effects a considerable saving over the old form of slide 
damper worked by hand, as its regular working is often 
neglected by the boiler attendant. The steam damper 
can be arranged to act at any desired pressure of steam, 
and as the fire is automatically damped when that pressure 
is reached, a very considerable saving in fuel is effected. 

An important factor in the economical working of 
boilers is the correct arrangement of the chimney stack, 
so that from a steady and not excessive flow of air an 
equal and steady combustion may be kept up in the 
boiler fire-grate. This is a point that is, we ai'e afraid, 
somewhat neglected, the result being in many cases that 
fuel is burnt to waste, from the excessive area of chimney, 
and consequently excessive draught, or from insuflScient 
area the draught is insufficient, and the fire consequently 
dull and sluggish. A general rule, which must, however, 
be modified according to circumstances, for height of 
chimney stack, &c., is to make the flues and area of the 
chimney top equal to from 2 to 3 square feet for each 
boiler, having about 80 square feet of fire-grate, the 2 ft. 
area being given for chimneys over 150 ft. high, where 
several boilers are working together. Another common 
rule is to make the flues and area of the chimney top 
equal to from i to -^tt the area of the fire-grate irrespective 
of the height of the chimney. For saw-mills, as far as 
our experience extends, we are inclined to give about 
\ the area of the fire-grate as the most suitable size. 
Care must be taken, however, that the area of the 
chimney is not excessively large, or the draught may be 
considerably damaged by downward cm-rents. As a guide 
to our readers, we append herewith a table of dimen- 
sions of boiler chimneys, as calculated by Robert 
Wilson, C.E. :— 
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When the area at top ia given es in fifth and Bixth coltimiiB,tbe dimension 
of the aide of square in a square chimney can easilj be found by taking 
the square root of the area, or aide cf sqoare = V^ ^^^ ^'^'^ diameter for 
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The engine should be fixed as near the boiler as may 
be convenient, and all steam pipes should be carefully 
covered, to prevent condensation of the steam in the 
pipes and also freezing in the winter. In lieu of felt or 
anything better, a good substitute may be made by 
encasing the pipes in narrow boxes filled with sawdust. 
If steam has to be conveyed any distance, say beyond 
fifteen or twenty yards, the pipes should be fitted with a 
trap to release the condensed water. The feed water 
should be made to enter the boiler at the end furthest 
from the fire. Avoid if possible fixing the boiler in a 
dark, draughty, or damp situation. 



Production of Steam. 

During the last fifty years great progress has been 
made both in the production and application of steam, 
more especially perhaps in the latter. Sixty years ago 
about 18 lbs. of coal per horse-power per hour were used, 
and the evaporation was only^ about 8 lbs. of water for 
each pound of coal, whilst in the present day, with an 
advanced type of engine and boiler, it is no uncommon 
thing to use only 8 to 4 lbs. of coal (best Welsh steam) 
per horse-power per hour, with an evaporation of 8 lbs. of 
water for each pound of coal ; and in marine boilers these 
figures are exceeded. After having secured the best type 
of boiler for the special purpose to which it is to be put, 
and after setting it in the most advantageous manner, 
the very important question presents itself, which is 
the best way to consume the fuel employed so as to 
ensure perfect combustion, at the same time securing the 
largest possible amount of duty from each ton of fuel 
employed ? 



78 « SA W-MILLS, 

The eflfective combustion of fuel may be said to depend 
chiefly on the following points : — (1) construction of 
the furnace or fire-box, (2) the admission of the right 
quantity of air to the furnace, (3) the proper regulation of 
the draught, (4) regular and even firing. 

With Cornish, Lancashire, and other fixed boilers, it 
has been somewhat the rule to build the furnaces shallow, 
and of too small cubic capacity, with the intention of 
bringing the fire as near the boiler as possible, and thus 
extracting more heat from it; this idea must be held 
to be altogether wrong, as in the confined space the 
draught is much increased, and the heat therefore is 
carried rapidly away ; the small size of the furnace also 
will not allow of the perfect combustion of the various 
gases ; and, lastly, the fire itself comes in direct contact 
with the boiler plates, which should always be avoided. 
In saw-mills where it is often necessary to consume chips, 
sawdust, small coal, &c., the grate area should be one- 
third larger than if it were used to bum the best hard 
coal. The admission of the right quantity of air to the 
furnace is a matter of great importance, but one often 
neglected. In the first place care must be taken that 
sufficient air space between the fire-bars is allowed. It 
is impossible, however, to lay down a rule as to what is 
the proper amount of air space to secure the most perfect 
combustion, as much depends on the nature of the fuel 
and the velocity of the draught through the flues ; but, 
roughly speaking, for saw-mill purposes an area of from 
6 to 6 square inches for each square foot of grate surface 
should be provided. 

The air admitted through the fire-bars is not as a rule 
sufficient to procure efficient combustion, and air is 
usually admitted through the door or bridge of the fur- 
nace ; we are of opinion that the air admitted from the 
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bridge is the most efficacious in promoting combustion 
and preventing smoke. We give herewith an illustration 
(fig. 14) of a simple method of promoting combustion and 
preventing smoke {Chubb's patent) ; its general principles 
or action may be described as follows : — 

The apparatus is designed to lessen the waste of fuel 
consequent on the present manner of arranging furnaces 
of all descriptions in which a lai^e proportion of combus- 




tible substances is thrown out unbumt, and not only is 
coal therefore wasted, but a great quantity of smoke is 
produced. The apparatus prevents this by introducing 
cturents of air at the back of the fire, from the bridge in 
Lancashire and Cornish boilers, and from other appa- 
ratus in other furnaces. These currents of air, already 
heated by passing through the ashpit, are directed across 
the top of the fire, and across the gases and smoke that 
are making their escape from the furnace. The effect 
immediately is the more perfect combustion of all these 
gases, smoke, &c., thereby increasing the quantity of heat 
extracted from the fuel, and stopping in a great degree 
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the production of smoke. The effect of this arrangement 
is to secure a proper admixture of atmospheric au* and 
oxygen with the carbon of fuel at the relative temperature 
necessary to eflfect complete combustion. 

When coal in a furnace is in a state of combustion, it 
bums of the carbon it contains only an amount propor- 
tionate to the amount of oxygen that is brought in contact 
with it. In order to enable that combustion to take place, 
the oxygen must be raised to a cei-tain high temperature 
before it will combine with the fluid carbon. If it does 
not combine with the fluid carbon, it drives the latter 
before it until it reaches the upper or outside au% and 
descends or disperses in the form of carbonic oxide or 
carbonic acid gas, as the case may be. Where the 
atmospheric air (or oxygen) is admitted to the furnace 
through the front bars of the gi'ate, the velocity of the 
draught is usually such as to drive the atmospheric air 
straight through over the bed of the furnace, and before 
it has reached a degree of heat high enough to enable it 
to combine with the fluid carbon evolved from the coal, it 
is driven over the fire, and consequently, instead of 
mixing or combining at a proper temperature with the 
fluid carbon, it drives the fluid carbon before it to the 
upper air unmixed and unconsumed. 

By means of this apparatus the oxygen is conveyed to 
the fire, not through the front bars, but through the 
bridge arrangement at the back of the furnace. The 
oxygen, in its passage to the bridge, flows under the 
fire-bars, which are of a deep section, and in that way it 
becomes heated, attaining a temperature high enough to 
enable it to combine with the fluid carbon of the coal, 
and when thus heated it meets such fluid carbon at the 
bridge; they instantly combine, the result being that 
every particle of the fluid carbon is consumed in the 
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furnace, instead of being wastefully driven up the 
chimney. 

The object of the small front damper is to allow air 
to enter the air-chamber formed in the firebricks, which 
throws several tongues of air upon the fire. The result 
is that the surface of the fire, when necessary, is rendered 
incandescent by the action of the jets of air. Further, 
when the fire is very black and there is much smoke, the 
action of this front part greatly facilitates the efficacy of 
the other part of the consumer, by circulating the smoke. 
It can be used alone or with the back part. Its use must 
to some extent be at the discretion of the attendant, who 
will soon see how to regulate the draught. 

In some countries it is necessary to either bum or 
throw away immense quantities of fuel in the shape of 
sawdust. The burning of sawdust as a fuel in large quan- 
tities is not altogether an easy matter, consequently many 
thousands of tons are annually wasted. Various plans, 
such as burning it in suspension, have been tried with 
more or less success, but these are most of them expen- 
sive to carry out. Our engraving (fig. 15) shows a simple 
form of furnace, several of which have been erected b}'' 
Mr. J. M. Bale, engineer, Milan, at a large railway 
sleeper saw-mill in Italy, and although they are of the 
simplest possible character they have been found very 
efficacious. The furnace is built with bricks clamped 
together with iron bands; it is constructed with two 
chambers, one above the other, the top one being used 
as a magazine for the green sawdust, and the lower one, 
which is lined with firebricks, as a combustion chamber. 
The chambers are divided by a furnace crown of fire- 
brick arranged with numerous small openings, through 
which the sawdust can fall into the combustion chamber, 
which is fitted with iron fire-bars. The top chamber 
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being filled with eawduEt, and a fire lighted in the fur- 
nace or combuBtiOii chamber, the sawdust above becomes 




rapidly dried, detaches itself irom the main body, and 
tricklea gently through the various openings into the fire. 
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The flue of the fiimace is arranged to pass directly into 
the fire-box of a tubular boiler, this form of boiler being 
employed here owing to the purity of the water and the 
great cost of coal, which rendered it particularly necessary 
that every effort should be made to economize fuel. The 
draught to the furnace is regulated by a damper and an 
ordinary furnace door. The sawdust is passed into the 
magazine from the top, the furnace being sunk slightly 
into the groimd. An opening was made to the magazine 
just over the furnace crown, so that should the sawdust 
become matted at any time it could at once be disturbed 
\>Y the attendant. Although this plan for bmning saw- 
dust may appear somewhat primitive, the author can 
Touch for its efficacy. 
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CHAPTER VII. 

RULES FOR ENGINE DRIVERS AND BOILER ATTENDANTS, 

There are many points with reference to the econo- 
mical combustion of fuel and general management of 
engines and boilers that the author would like to touch 
on, but having already issued a small handbook* on the 
subject, he would of necessity be in a measure repeating 
himself, and therefore refers any of his readers interested 
in the subject to that book ; he appends, however, a series 
of "Rules for Engine Drivers and Boiler Attendants,'*! 
that he has compiled, which he trusts may be of service^ 
more especially where skilled labour is not easily 
attainable. 

Rules for Engine Drivers and Boiler Attendants, 

1. Filling the Boiler. — Fill the boiler with water till it rises to the 
mark on the gauge glass which shows the water line. 

2. Examine Water-gauge Cocks. — Open the water-gauge cocks and see 
that they are in order ; if the water does not enter the gauge glass freely 
it must be unscrewed, and a piece of wire passed through the openings 
into the boiler. 

3. Cleaning Tubes, &:c. — Remove all soot from the tubes and smoke^ 
box, and clear the fire-bars and ash pan of clinkers. 

4. Lighting the Fire. — Light the fire, which should be kept bright and 
even, and of a thickness of about 4 in. to 6 in. in tubular boilers, and 

. •■ 

* ** How to Manage a Steam Engine." 

t Published also mounted on rollers for engine room. 
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from 10 in. to 12 in. in Cornish or Lancashire boilers, except when there 
is a surplus of steam, when a thicker fire may be used. 

6. Examine Safety Valves. — ^As the fire bums up, examine the safety 
valve, and see that it moves freely in its seat, screw down the spring 
balance, or alter the lever so that the valve blows off at 10 lbs. pressure. 
Examine also the second safety valve or float, if one is fitted. 

6. Lubrication. — Fill the lubricators with oil, except the cylinder 
lubricator, into which put tallow mixed with a little plumbago powdered 
very fine. Lubricate piston-rod, packing with tallow ; examine excentric, 
And see that the key is tight and the lead of the valve has not been 
Accidentally altered. 

7. Examine the Pump. — Open the cylinder cocks to allow any con- 
densed water to escape. Open all the test cocks. Examine the pump 
carefully, especially in frosty weather ; if frozen, melt with hot water. 

8. Examine the Bearings. — Examine systematically and screw up the 
bearings of the engine, not too tight. If the engine is connected with 
the shafting to be driven, before starting see that the shafting is ready 
for work and properly lubricated. 

9. Starting the Engine. — Supposing steam to be up to a working 
pressure of 45 lbs. or 50 lbs. per square inch, or whatever pressure the 
boiler is calculated safely to bear — ^the safety valve being gradually 
altered to blow off at intermediate points, say at 20 lbs. and 30 lbs., and 
finally at 50 lbs. per square inch — turn the fly-wheel of the engine round 
by hand till the cranJc shaft is at half-centre, and open the cylinder 
cocks. Turn on the starting lever or valve gradually to about one-third 
of its traverse. Steam now enters the cylinder, and the engine is set in 
motion. When no more vrater is expelled from the cylinder, close the 
cocks. 

10. Begular Admission of Feed Water. — Do not admit cold water into 
the boiler in large quantities at a time ; keep the pump working regu- 
larly, but with the admission valve only partly open. If a feed- water 
heater is not fitted, direct the exhaust steam into the water tank. If the 
water is muddy or very greasy, filter it before using. 

11. Examine Height of Water in the Boiler.— Examine height of 
water in the boiler frequently, keep up a level in the gauge glass of not 
less than 2 in. in depth. If the water is of bad quality, and contains a 
large percentage of sulphate of lime or other deleterious substances, blow 
cut once a week, and put in every fortnight, with the fresh water, 1 lb. 
cf common soda per horse-power. If the water contains ii*on or acid 
sulphates, it must be purified and softened before use. 

12. In Case of Low Water. — In case of low water, draw the fire im- 
mediately ; or, should the furnace-crown be red hot, cover the fire with 
earth or wet ashes. Do not turn on the feed-water under any circum- 
stances, and let the steam outlets remain as they are. 

13. Priming. — In case of priming, which usually occurs from insuffi- 
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ciency of steam space, close the throttle-valve for a short time, find the 
true level of the water, and open the cylinder cocks. If the water level 
is correct, blow ofE a little occasionaUy, and add fresh water. Check 
the draught to the boiler also, and damp the fire somewhat. In boilers 
where the steam space is small, great regularity of firing is necessary to 
prevent priming. 

14. Blowing Oft — If steam is blown off under pressure — a practice we 
do not usually recommend — ^the pressure should never exceed, say, from 
10 to 15 lbs. per square inch. Time should be given to allow the boiler 
to cool before the admission of cold water, as, should this not be done, 
excessive contraction or collapse of the boiler plates will take place, 
which is most injurious. 

15. How to Test the Pump. — Test the pimip occasionally by opening 
the waste tap ; if no water is expelled the pump is not working, either 
from there not being a vacuum, the packing or joints being out of order, 
the valves choked with dirt, or the pump hot. Before taking it to pieces- 
place your thumb tightly on the end of the waste tube, allowing the air 
to be discharged from the pump by the inward stroke of the plunger, but 
not allowing any air to re-enter during the outward stroke. If this ha& 
the desired effect in setting the pump to work, close the waste tap, and 
the water will be forced into the boiler. If the pump gets hot pour cold 
water on it. If hot water continually issues from the waste cock the 
probability is the check valve nearest the boiler is choked. In this case 
the steam must be blown off and the fire put out, the valve-box cover 
must be taken off, and the dirt or obstruction that prevents the valve 
acting removed. If the suction or delivery valves are choked hot water 
will not pass through the waste cock ; these valves may be examined 
when the engine is working, but should the defect not even then be 
discovered, the suction valves, delivery valves, and the packing of the 
plunger must be examined, and the packing renewed ; as the pump i» 
probably drawing air, screw up and clean the union nut of the suction 
hose, and make another trial. 

16. Firing the Boiler. — Use good fuel, if possible, for firing the boilerr 
Do not put coal on in large pieces, but break it to about the size of your 
fist. Do not put on a large quantity of fuel at one time, but fire little 
and often. If the fire bum unequally or into holes, level it and fill up 
the vacant spaces. If anything, the fire should be rather thinner in the 
centre than at the sides of the fire-box. Do not let the fire get low before 
a fresh supply of fuel is added ; keep the furnace door closed unless ther& 
is a surplus of steam. Be careful in regulating the draught in the fire^ 
box or furnace to suit the fuel being consumed. We recommend, where- 
ever possible, the use of an automatic steam damper. A good supply of air 
promotes combustion and tends to prevent smoke. In Cornish or Lanca- 
shire boilers, begin to charge the furnace at the bridge, and keep firing 
to within a few inches of the deadplate. Excessive draught should be 
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avoided, as the heat is carried rapidly away, and sofficient time is not 
given for the combustion of the various gases. Coke requires a more 
rapid draught than coal. The flame of the fire should never come in 
direct contact with the boiler plate above the water line. The flame 
should never be allowed to impinge constantly on one spot, either above 
or below the water line. As fire-bars are burnt out renew them ; do not 
wait till the whole set is worn out. 

17. Prevention of Smoke. — The prevention of smoke is almost entirely 
a matter of careful, regular, and even firing, and the admission of exactly 
the right quantity of air into the fire-box. Furnaces constructed of 
ample area and cubic capacity will bum smoke better than those that 
are confined. A good supply of air admitted from the bridge of the 
furnace aids combustion. Use a furnace door through which the supply 
of air may be easily regulated, so as to spread, as it were, an even sheet 
of air over the surface of the fire. Alternate firing on each side of the 
furnace has a tendency to prevent smoke. 

18. Raise Steam Slowly. — Always raise steam slowly, and never press 
a boiler beyond its capacity. Never under any circumstances wedge 
down or overweight a safety valve. Test all cocks and boiler fittings 
several times during the day. Look well to piston gland and pump 
packings, also to the packing of the man and mud holes. Should the 
tabes or boiler plates leak or bulge, or other working parts get seriously 
out of order, obtain at once skilled assistance. 

19. Testing Safety Valves and Pressure Gauge. — Test both the safety 
valves at least twice a day ; if about one quarter of an inch of space is 
shown between the valve and its seat for the escape of steam, this is 
usually sufficient. Pressure gauges should also be occasionally tested by 
shutting off the steam and letting the pointer run back to zero ; for this 
purpose ,the cock to the gauge should be arranged to open to the atmo- 
sphere when shut off from the boiler. Check also the safety valve 
against the pressure gauge, by altering the former to blow off at what- 
ever pressure is at that tiijie shown on the pressure gauge. 

20. Beleasing Condensed Water. — Eeleasc the condensed water from 
connection pipes ; examine these very carefully in frosty weather. Keep 
the whole of the engine and boiler neat and clean, the lubricators well 
filled with oil, and all gauges and cocks in the best possible working 
condition. 

21. Heated Bearings. — If a bearing get hot, cool with water, examine 
carefully, and, if it knock in working, remove it from its seat, file the 
&ces of the bearing slightly, letting them closer together, scrape off 
carefully any roughness, lubricate well, and stai;} again. 

22. Guard the Bearings from Dust. — Guard all bearings as much as 
possible from dust. In the case of a portable engine driving a threshing 
machine fix the engine so that the dust from the com may be blown in 
a direction contrary to the working parts. 
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23. Covering Boiler. — Have the boiler and steam pipes covered with a 
good non-conducting composition : in order to allow of external exami- 
nation for corrosion, and more easily to detect leakage, the composition 
is best fitted in sections, which should be made movable. If the boiler 
has to work in a very wet situation, paint it with an oxide paint, and 
case it in sheet lead. 

24. Cleaning the Boiler. — To clean the boiler, remove all the covers of 
the mud and man holes ; scrape, or, if there is much hard incrustation, 
chip the interior surface, thoroughly loosening all sediment and dirt. 
Pass a qliantity of clean water through the man hole. The pipe by 
which the feed water enters the boiler must also be cleaned periodically, 
and the fusible plug removed and scraped on both sides, or renewed if 
necessary. 

25. Fixing Portable Engines. — In the case of portable engines place 
the fly-wheel exactly in a line with the pulley of the machine to be 
driven. Fix the smoke-box slightly higher than the fire-box end, wedge 
up the wheels, and see that the engine does not rock in working. Have 
the machine to be driven fixed at a distance of 25 ft. to 30 ft. from the 
centre of the crank-shaft to the centre of the pulley driven. 

2Q, Finishing Work. — When work is finished for the day, and the 
water used is of bad quality, lower the steam down to about 10 lbs." 
pressure and blow part of the water from the boiler ; this can also be 
done to a small extent with advantage when steam is up by letting the 
water rise slightly above the water level and blowing the surplus through 
the blow-off cock ; a good deal of scum and dirt is thus removed. 

27. Steam Boiler Explosions. — Steam boiler explosions can, as a rule, 
be set down as arising from one or other of the following causes : — 1 . 
Explosions arising from excess of pressure above what the boiler is 
calculated safely to bear. 2. Explosions arising from the use of worn- 
out or badly-constructed boilers. 8. Explosions arising from deficiency 
of water, incrustation, or corrosion. 4. Explosions arising from collapse. 
5. Explosions arising from mismanagement or ignorance. 

28. In conclusion, all steam boilers should be regularly and thoroughly 
inspected, both internally and externally, by a competent and unbiased 
person. 

As regards the working of traction engines, the directions given under 
the heading " Rules for Engine Drivers " will apply equally well to these 
as to most other types of engines. In addition, however, the driver of a 
traction engine should bear the following points in mind : — (1) keep a 
good supply of water in the tank ; (2) disconnect the traction gear, and 
start the engine under » moderate head of steam, say 26 lbs. pressure, to 
see that the pump and all working parts are in order ; (3) carefully oil 
all bearings and grease the teeth of the various wheels ; (4) for travel- 
ling get steam up to about 75 lbs. pressure ; (5) when going down a hill 
the gauge glass should show 4 in. of water, when going up about 1 in. ; 
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(6) in going down hill lock the hind wheels of any vehicle being drawn ; 
use the reversing lever both for shutting off steam and for checking the 
momentum of the engine by admitting steam to the reverse side of the 
pistons. 

In working boilers a false level of water is sometimes shown in the 
water gauge from the partial or wholly closing of the bottom water- 
way by scale or scurf. The false water level in many cases may be 
accounted for through the condensation of the steam in the upper 
portion of the glass running down, and being prevented entering the 
boiler by the scale it remains in the gauge glass and thus shows a false 
level. In the winter this condensation is, owing to the cold, of course 
more rapid, and especial care should therefore be taken in constantly 
testing the gauges to see that they are quite in order and perfectly clear. 
We can also on large boilers recommend the use of a group of small 
pendant dead weight safety valves in preference to a single large one, and 
these at a given pressure will require a less load, and at the same time 
will give a larger lip opening for the escape of steam. 
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CHAPTER VIII. 

ABBANGEMENT OF SHAFTING AND GEARING. 

In the economical management of a saw-mill the proper 
construction and arrangement of the shafting which trans- 
mits the power from the motor to the various machines is 
a matter of great importance, and owing to the high rate 
of speed necessary, and to the severe strain it is con- 
stantly put to, it is perhaps of more importance in a saw- 
mill than in most other manufactories. 

We are afraid the construction of shafting does not 
receive the attention it deserves in this country; this is 
in striking contrast to American practice, which has 
worked out and brought it to a considerable degree of 
perfection. 

First as regards the speed and size of shafting best 
suited for saw-mill work; to avoid numerous counter- 
shafts or the putting of driving puUeys of very small 
diameter on the various machines, it is necessary to run 
the main shaft at a moderately high rate of speed : we 
think in a mill for general purposes the first main shaft 
should make 250 revolutions per minute. If a second or 
third shaft be used to give motion to lighter machines, 
this speed may be increased with advantage to 800 revo- 
lutions per minute, but not above, as a general rule. 
The whole of the shaftmg should be accurately turned to 
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gauge^ and fitted in bearings having both vertical and 
lateral adjustment, and provided with efficient means of 
lubrication. It will be found a very poor economy to 
employ unturned black shafting ; in fact, we think it the 
reverse of economical. For shafts of small diameter, at 
any rate, we strongly recommend the use of Bessemer 
steel ; in fact, if a slightly increased cost is not an object, 
the whole mill would be better fitted with them. As steel 
shafts are stiffer in work than iron, they may be made of 
somewhat less diameter for the same duty; they will 
also, if sound, be found to run with somewhat less fric- 
tion than iron, which in the quality usually employed for 
shafting is often seamy and imsound. Line shafting is 
subjected to considerable torsional and bending strains, 
more especially, however, in saw-mills where the speed, 
number of pulleys, and belt tension are excessive. This 
should be borne in mind when calculating the diameter 
of the shafting, and the centres to which the bearings are 
to be fixed. A useful rule for finding the diameter of a 
wrought-iron shaft, capable of transmitting a given horse- 
power, may be stated as follows : — Multiply the given 
horse-power by 125, and divide the product by the 
number of revolutions per minute, the cube root of the 
quotient will be the diameter in inches. For saw-mill 
shafting an increase in diameter of say 15 per cent, on 
the result thus obtained should be added. 

Hollow shafting has not, we believe, been much used 
for saw-mill purposes, but, as it possesses strength and 
lightness in a marked degree, we purpose shortly giving 
it a trial. 

In arranging shafting in a large mill, the first length 
which receives the power from the prime mover should 
be of greater diameter than the remainder, and the bear- 
ings placed closer together, say, 5 or 6 ft. apart, whilst 8 
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or 9 ft. apart on the ordinary shaft will he sufficient. In 
the case of very large power, a hearing should he placed 
on either side of tlie pulley, receiving the power from the 
engine. As regards the increase in the diameter of the 
first driving shaft over the following shaft it is difficult to 
lay down any arbitrary rule, but if it is made about one- 
seventh larger it will generally be foimd sufficient, or say 
a shaft having a diameter of one-fourth the width of the 
main driving belt will be amply sufficient to receive all 
the power transmitted. In calculating the diameter of a 
shaft it will be found much better to err on the side of 
strength, as, should a shaft bend or spiing in working, the 
money lost in stoppages, lining up, &c., would in a very 
short period pay for the difference in first cost. 

In coupling lengths of shafting together, the plan of 
using a solid sleeve or box of metal keyed to the shaft is 
still generally adhered to in this country, we presume, as 
a rule, on account of its cheapness, as it is both clumsy 
and inconvenient. A light and convenient form of coup- 
ling much used in America, and known as the double 
cone vice coupling, consists of a cylindrical barrel, which 
couples the shafts. The inside of this barrel is turned 
to a double conical form ; between the barrel and the 
shaft are fitted two sleeves, the outsides of which are 
conical and fit the box, and the insides are bored to fit 
the shaft. These sleeves are cut completely through on 
one side, and are made to close concentrically upon the 
shaft by means of three square bolts fitted in slots cut 
into the sleeves and barrel, and running parallel to the 
shaft ; these couplings have the advantage of being easily 
uncoupled in the centre of a shaft for placing or removing 
pulleys, without the great trouble of drifting keys or the 
expense of using split pulleys, as is the case with the 
ordinary box coupling. 
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The most improved form of plummer-blocks are made 
on the principle of the universal or ball and socket joint. 
The advantage of this plan is that, m whatever direction 
the shaft maj incline, there is an equal wear or strain 
upon the whole surface of the bearing, and should the 
plnmmer blocks be set somewhat out of truth, the ball 
and socket joint allows the bearings to adjust themselves 
in line The base of plummer-blocks, and the face of 
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sole plates and waIl-bo\es should m all cases be planed, 
as any bttle outlaw in this way is amply repaid bj the 
shafting nmnmg truer, and being less likely to get out of 
line. All parts of a plummet block should be tmned 
and planed togethei 

Our illustration (fig 16) represents the section of a 
plmumer block such as we have descnbed, and which will 
be found to answer well A fui'ther improvement in its 
construction, over ordinary beariugs, is the simple arrange- 
mentforlubrication. This consists of a dovetail slot run- 
ning nearly the whole length of the top half of the bearing, 
•which ia packed in with cotton and saturated with oil 
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and being constantly in contact with the shaft, a film of 
oil is spread over the whole wearing surface of the 
bearing. Hanging brackets and bearings should in all 
cases be planed and turned together. 

In fixing shafting, it is important that it is made to 
run at a dead level ; this can be best done by means of a 
straight-edge and spirit level. In the first place, take the 
straight-edge and rest it on the bottom bearing of two or 
more of the plummer-blocks, and pack them up till the 
spirit level stands exactly true, then try the shaft in several 
places. Care must be taken that the driving pulleys on 
the main shaft and the pulleys on the machines or 
coimtershafts are exactly Unable with each other. This 
can be ascertained by means of a long straight-edge, by 
placing it to bear evenly on the edges of the driving 
pulley and setting the other pulley to it ; if the driven 
pulley is some distance off, in the place of a straight- 
edge, a plumb-line or piece of string may be used in a 
similar way : this gives you a line at right angles with 
the shaft. One shaft can be set at right angles with 
another by using a square on the main shaft and by 
stretching your plumb-line fi:om it. The main shaft 
should, in the first instance, be set from the driving 
wheel on the engine, and not from the walls of the build- 
ing, as is sometimes done, as these may run out of truth ; 
the engine, however, should be set as nearly parallel with 
the walls as possible. 

Cross shafts, vertical shafts, and toothed gearing should 
in saw-mills be avoided as much as possible, and one line 
of horizontal shafting should not be set above another in 
a perpendicular line, as the driving power of the belt 
under these circumstances is lessened. Lengths of shaft- 
ing should be calculated so that as far as possible, when 
erected, the couplings should come close to a bearing. 
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When several lines of main shafting running parallel 
to each other are in use, the pulleys receiving and trans- 
mitting the motion are best placed close to each other on 
the same side of the mill, with bearings well up on either 
side of them ; the strain on the shafts is thus more 
equalized, as the belts pull in both directions. 

As we have before remarked, for saw-mill purposes, 
wherever practicable, we prefer the shafting to be 
moimted on standards and fixed under groimd, but where 
it is necessary to use hangers, the bearings should be 
made adjustable for wear, &c., in all directions in the 
plane of the shaft's rotation. If wall brackets are used, 
the bearing may be made adjustable transversely by 
making the plummer-block or pedestal separate from the 
wall bracket, and moimting it on an adjustable pin made 
to pass through a hole in the hanger, and through 
another hole formed in the base of the plummer-block. 
If ordinary plummer-blocks are employed, the holes for 
the holding down bolts may be made slightly oblong in a 
direction transverse to the shaft, which will usually allow 
of all the side adjustment necessary. Heavy, cumber- 
some hangers and wall brackets should be avoided. 
Collars should be fitted to all shafts to prevent end play; 
these are best placed one at each end of the shaft inside 
the last standard or bearing. Where large power has to 
be conveyed from one shaft to another in close proximity, 
mortise or cog wheels, or friction gear, may be used with 
advantage; if the speed is not too great, we prefer 
mortise wheels. Wooden cogs should be about one-third 
thicker than the iiton teeth of the wheel with which they 
are engaged ; they should be made somewhat shorter and 
thicker at the root of the tooth than ordinary wheels. 

Care should, however, be observed in shortening the 
teeth that the arc of their contact is not too much 
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reduced. In practice involute teeth are found stronger 
than cycloidal. If cast iron wheels are used the teeth 
should be very accurately moulded and finished, and for 
high speeds the wheels should be made about one-third 
wider on the face than for slow speeds. In comparing 
belt with toothed gearing for transmitting power, the 
balance, except under especial circumstances, is in favour 
of the former, and much more so if the gearing is worn 
or badly proportioned. In small wheels and pinions, 
where considerable strength is necessary^, the teeth should 
be " shrouded." 

All pulleys should be accurately turned and polished, 
and driven pulleys rounded somewhat on the face, and 
perfectly balanced. This latter is especially necessary 
for pulleys used in a saw-mill, owing to the high speeds 
at which they are run. The pulleys should be as light 
as is compatible with strength ; some of the wrought iron 
pulleys lately introduced will be found very serviceable. 
Main driving puUeys, which transmit a large amount of 
power, should be of extra strong section, and in some 
cases should be constructed with double arms. The 
metal of the bosses of all pulleys should be proportioned 
to the size of the shaft on which they run, in order to 
avoid superfluous weight. Ordinary loose pulleys should 
be made with a boss of at least twice the length of that 
of the fast pulley. 

In erecting countershafts they should be fixed, as far 
as possible, so that the belts pull on the main shaft in 
opposite directions, as should too many belts be pulling 
in one direction, and the shaft be of insufficient size, or 
not very strongly supported, it wiU cause a great deal of 
trouble by springing, and will soon get out of line. In 
fixing driving pulleys on the main shaft, those transmit- 
ting the greatest power should be fixed as near to the 
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bearings as may be practicable. If hangers from the 
roof are employed, they should be mounted on sub- 
stantial hard-wood plates of a sufficient length and \\idth 
to give an ample bearing surface to the base of the 
hanger. Countershaft bearings, as well as main shaft 
bearings, should, be made adjustable for wear and align- 
ment. 

In conclusion, we may say wherever possible we prefer 
to use belt gearing instead of toothed, as in the first 
place toothed gearing requires more power to transmit 
the same effective force than belts ; it is also unsuitable 
for the high speeds required in a saw-mill, and becomes 
rapidly worn, causing considerable vibration, and more 
frequent repairs are necessary. We think, owing to their 
strength and lightness, wrought iron pulleys ought to be, 
and as they become better known probably will be, 
largely adopted in saw-mills. If from the exigencies of 
the site or other cause it is necessary to run a shaft at an 
angle to the main shafting we prefer a belt led over guide 
pulleys instead of a cross shaft and bevel wheels, as it is 
less noisy, much cheaper, and, if well arranged, quite as 
effective. The best plan with which we are acquainted 
is to mount the idle pulleys on a spindle fixed vertically 
in a ball and socket seating, which may be fitted in a 
bracket attached to a hanger or standard by prolonging 
the end of the spindle and fitting it with a screw, serrated 
washer, and nut, the spindle and pulley may be set at 
any desired angle. The spindle carrying bracket should 
be so arranged with a vertical adjustment on the hanger 
or standard. The ball segment of course can be turned 
round, as may be necessary, and, with the plan we have 
sketched, the idle pulleys may be adjusted to suit any 
position of shaft, thus obviating the construction of a 
special set of hanger or bracket patterns for each separate 
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case, and at the same time ensuring the correct ninning 
of the belts on the main pulleys. 

We append the modus operandi adopted by a corre- 
spondent of the " American Machinist " in erecting line 
shafting, which contains some useful hints : — 

" How to put up a line shaft with the least labour, and so as to know 
that it is all right when done, is a question that bothers a good many 
machinists. In putting up line shafting, in many cases the trouble is in 
not making haste more slowly. For if the shaft is not put up true, of 
what avail is the speed with which the job is done ? I have adopted a 
plan that suits me well and gives good results, and I offer it for the 
consideration of others. If, for instance, I am to put up all the shafting, 
together with engine, &c. , I commence by making a ground-plan, sho\\'ing 
the location of the tools to be run, and study so to place them, that the 
work may progress from one to another, or from the beginning to the 
conclusion, with as little handling as possible. Then, knowing the speed 
that the tools should run, I note what size pulleys are wanted on the 
line, and on what section they are wanted. I then take the longest 
shaft and lay out where I wish to place hangers, and I am then ready for 
business. If there are to be any extra timbers put in, I show the 
cari)eater just where they are wanted, and proceed to locate permanent 
points, from which all measurements are taken, by measuring from one 
of the comers to whatever distance the line is to be from the side of the 
room, and driving a copper or brass nail and marking vdih. prick-punch, 
to show the exact centre — and the same at the opposite end of the room. 
Then from one point to the other snap a fine chalk line, being careful to 
have it thumbed at frequent intervals, if the line is long, so that it may 
show only one mark. I then drop a plumb line from the ceiling to the 
centre marks on the witness nails, and snap a line across the timbers, 
taking the same care as on the floor. I then have as many wooden 
blocks — 3 or 4 in. longer than the box, 3 or 4 in. wide, and 1 in. thick — 
as there are hangers, and tack them on the floor, over the chalk line, and 
under where the hangers are to be located, and level them very carefully, 
taking pains to change ends with the level and staff, so as to neutralise 
any error there may be in the staff or level. I then cut a measure to go 
from one of the blocks to timber above, on which the feet of the hanger 
rest, and from each of the blocks lay off, on these timbers, how much is 
to be taken off or added to, to make all of the seats for hangers level. 
Then from the chalk line already made, measure either way and mark 
for the bolt holes. 

" Now, while the carpenter is doing his work, I measure on each block, 
from centre mark for hangers, half the length of the box either way, and 
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make a mark across the block, and on that mark I lay off half the 
diameter of the shaft and make a cross mark or dot, to line the 
shaft by. , 

" Everything is now ready to bolt up the hangers, put the pulleys on 
the shaft, as required by the ground-plan, and hoist the shaft into place^ 
and proceed to level and straighten, which I do as follows : — 

" To level, I make a tram, by taking a pole and driving a piece of wire 
or a nail in the end, and filing it off until it will just pass under the 
shaft when the end is resting on one of the blocks, and by placing one 
end on the mark showing the length of box and the wired end against 
the shaft close by the box, I know that it is plumb, and have only to 
raise or lower the shaft by means of the adjusting screws, until the pole 
will just pass under. 

" To straighten the shaft, I drop the plumb line over the shaft close to 
the hanger, and if straight, the point of the plumb will be just at the 
mark laid off on the block, as described before, this being done at each 
of the hangers, and the job so far as the line shaft is concerned, is 
completed. 

" Now, to locate the counter-shaft, I measure from the witness nails 
driven in the floor, as far as it is to be from the main shdft, and snap a 
line as before described, and proceed in every way as on the main line. 
If desirable to set the tools as the work goes along, 1 do it all by the floor 
lines. For instance, to set a lathe, move the tail centre to the farther end 
of the ways, and drop a line from the centre to the floor, then move the 
lathe until the plumb point is the same distance from the floor line at 
both centres. For an iron planer, lay a straight edge across the bed and 
against the uprights, and drop lines from that, and so on with all of the 
tools. 

" To set the engine, go back to the witness nails, and measure distance 
to the centre of engine shaft ; or, if not convenient to measure from the 
nails, measure from any convenient point on the floor line between those 
nails, and locate the ground line, from which to lay out engine founda- 
tion in the usual way. K there is to be.^hafting on the floor above, bore 
a small hole as near over the witness nails as possible, through which 
drop a plumb, and measure from the point to the nail, and then from 
the line above the floor measure off the same distance and drive witness 
nails for that floor, and so on from floor to floor, repeating the operation 
as described on the .first fioor. Experts may criticise my way of doing 
the job, but they are not the ones I am talking to, but to the men who 
have never had occasion to put up a line shaft. The problem is, how to 
put up a line shaft with the least labour, and know that it is all right 
when done." 
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We append some simple rules for calculating speeds of 
shafts and diameters of pulleys : — 

Problem J, — ^The speed of the driver and the diameter and speed of 
the driven being given, to find the diameter of the driver — 

Rule, — Multiply the diameter of the driven by its speed, and divide 
the product by the speed of the driver ; the quotient will be the diameter 
of the driver. 

Prohlem II, — The speed of the driven and the diameter and speed of 
the driver being given, to find the diameter of the driven — 

Rule, — Multiply the diameter of the driver by its speed, and divide 
the product by the speed of the driven ; the quotient will be the diameter 
of the driven. 

Problem III, — The diameter of the driven being given, to find its 
number of revolutions — 

Rule, — Multiply the diameter of the driver by its revolutions, and 
divide the product by the diameter of the diiven ; the quotient will l>e 
the number of revolutions of the driven. 
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CHAPTER IX. 

MACHINE FOUNDATIONS, 

The proper fixing on adequate foundations has much 
to do with the satisfactory performance of wood-working 
machinery, and in the case of high-speeded machines, 
especially those with a reciprocating motion, the jar or 
vibration is absorbed in a very considerable degree by 
the foundations as well as by the framing of the machine. 
In the case of machines working on the rotary principle, 
little diflSculty is experienced as regards foundations, the 
stress being as a rule easily absorbed by well-apportioned 
framing, that is on the assumption that the working parts 
are all truly balanced and fitted. 

In the case of vertical saw frames it has been attemjjted 
to do away with the ordinary masonry foundation by 
mounting the frame of the machine on an extended cast 
iron bed-plate, or in light deal frames by casting the main 
framing of the machine in one piece. The extended bed- 
plate system is not to be recommended except in cases o 
necessity, where the foundations are bad from the groimd 
being marshy or from overflow water in tidal rivers or 
such like causes, as the vibration is not by any means 
done away with ; by using this form of bed-plate, small 
deal frames may be made very strong and compact by 
casting the frame solid, but they are somewhat more 
difi&cult to make and repair. 
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Where mucli water that cannot easily be got rid of is 
found, and where it is necessary to put in a deep founda- 
tion, especial means must be taken to get, in the first 
instance, a solid basis. Where the weight to be sup- 
ported and the vibration to be absorbed are considerable, 
as in the heaviest class of log sawing frames, we have 
found a series of English elm piles to make a durable 
and satisfactory foundation. The depth they should be 
driven and the distance apart must depend on the action 
of the machine, the weight of the load, and the nature of 
the soil. The tops of the piles should be sawn oflf level, 
and sleepers or planks fixed transversely on the top of 
them; the piles and sleepers should be creosoted. 
Where the ground is moist only, and much concrete is 
unnecessary, a good plan is to ram the substratum firm, 
and cover with a layer of broken stone or slag to about 
6 in. in depth ; into this layer i^oiu* melted asphalte : 
this binds together in one solid mass, prevents damp, 
and gives a good foundation for the subsequent masonry. 

The vibration of saw frames is lessened considerably 
by counterbalancing their reciprocating parts, and by 
arranging the crankshaft as near the base of the machine 
as possible, and a fly-wheel or wheels are found to add 
considerably to their steadiness in working. 

The vibration of a machine may be also considerably 
lessened by the introduction of a sheet of lead between 
the base of the machine and the masonry for light 
machines; on an upper floor a thick sheet of felt may 
also be used with advantage. 

As regards the masonry employed for foundations, 
stone is the best, and offers a better resistance than 
brickwork, but its cost is somewhat of a bar to its general 
adoption, A deep bed of concrete, if well laid, will also be 
found very serviceable. The strength of a stone founda- 
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tion depends greatly on the quality of the stone employed, 
and also whether the size and shape of the blocks used are 
in proportion to the strength of the stone ; the mortar too 
used for this purpose should be of the very first quality, 
and the stones accurately dressed. If the dressing is 
badly done, and the pressure is unequal and severe, they 
are liable to fracture. Blocks of stone of long dimensions 
in proportion to their thickness should never be used, as 
with heavy machines with a reciprocating motion, with a 
positive stroke or dead blow, the risk of breakage is 
considerable. A safe rule is to make the length of the 
block say about three times the thickness, and the width 
one and a half times. Great care should be taken that 
the masonry is accurately levelled, and set as nearly 
perpendicular to the direction of the stress as possible. 
The top blocks should be cramped together, and the 
joints filled in with molten lead, as excessive vibration 
and stress is in a great measure overcome by the weight 
and the solidity of the foundations ; the fi-ammg of the 
machine should be made to combine as far as possible, 
and made integral with it. 

The quality of the work turned out and the longevity 
of the machine depend also more on the stability of the 
foundations than is generally imagined. The foundation 
bolts should pass entirely through the masonry, and 
either be cemented in their places, or, should they not 
be cemented, thev will be found less liable to work loose 
by putting a piece of hardwood between the plates and 
the masonry. Wood-working machines with a recipro- 
cating motion should never be put on an upper floor, 
except those of the very lightest class. In machines with 
a rotary motion, and the straining forces acting horizon- 
tally to the axis of motion, brickwork or timber founda- 
tions are usually sufficient, but for the heaviest class of 
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machines, snch as rack saw benches or planing machines, 
if the earth is at all nnsound, concrete or rabble masoniv 
should be used ; for heavy log frames, steam mortising 
machines, &c., ashlar masoniy is undoubtedly the best. 
Any reasonable cost incurred for perfect foundations is 
soon repaid by increased steadiness in working, and con- 
sequently improved quality of output. As a rule inferior 
production in machines with a rotary motion is directly 
traceable to inferior workmanship or design in the 
machine, loose bearings, weak spindles, improperly 
sharpened cutters, insufficient feed, or unbalanced cutter 
blocks ; but it cannot be denied that in the first instance 
weak or insecure foundations contribute largely, through 
imperfectly absorbing the vibration, to bring about some 
of these results, especially in machines with their framings 
put together in sections. If brickwork foundations ai-e 
used, the bricks employed should be hard and well burnt, 
and Portland cement should be used ; this is especially 
necessary in damp situations. 

As regards brick foundations for machinery Mr. Trau- 
twine, who has experimented a good deal with building 
materials, says on this point that a rather soft brick will 
crush under a weight of 450 to 600 lbs. per square inch, 
or about 30 to 40 tons per square foot, whilst a first-rate 
machine-pressed brick will require from 800 to 400 tons 
per square foot. This last is about the ciiishing limit of 
the best sandstone, or two-thirds as much as the best 
granites or roofing slates. But masses of brickwork will 
crush under much smaller loads than single bricks. In 
some experiments referred to by this author, small cubical 
masses only 9 in. on each side, laid in cement, crushed 
under 27 to 40 tons per square foot, others with piers 
9 in. square and 2 ft. 4 in. high, in cement, only two daj^s 
after being built required 44 to 62 tons per square foot to 
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crush tliem. The same authority, however, is cai'eful to 
add the statement that cracking and splitting usually 
commence under about one-half the crushing loads. 
To be safe, ho recommends that the load should not 
exceed one-eighth or one-tenth the crushing load; so 
also with stone, if bricks are used as foundations. For 
some kinds of wood-working machinery, such as steam 
mortising machines and saw frames, where there is what 
we may call a constant punching action going on, we 
certainly think the dead weight should not exceed about 
one-sixth the crushing load. 
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CHAPTER X. 

WOOD WORKING MACHINERY BEARINGS, AND THEIR 

LUBRICATION, 

In consequence of the high rate of speed at which it 
is necessar}'^ to operate most kinds of wood-working 
machinery, the proper proportion, construction, and 
lubrication of the bearings, whereby the friction engen- 
dered can be reduced to its lowest limits, is a matter of 
vital importance. 

As regards the shape of the bearings for high-speed 
machinery, those generally employed are made of cylin- 
drical form, but occasionally conical or spherical bear- 
ings are used for especial purposes. The bearings of 
machines in which the spindles make above say 5,000 
revolutions per minute should be made of increased area ; 
the exact rule cannot, however, be laid down for calcu- 
lating the lengths and diameters necessary, owing to the 
difficulty of calculating the exact amount of friction: 
practical experience must therefore be the chief guide as 
to their correct proportions. 

In calculating the proportions for bearings, the fol- 
lowing points should, however, be borne in mind : 1. The 
pressure and straining forces to which the bearing is 
subject; 2. The kind of metal employed; 3. The mode 
of lubrication; 4. The kind of friction to which the 
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bearing is subjected. In practice, where an increased 
area is required, it is found better to extend the bearing 
in length than to increase its diameter. As regards the 
lengths of bearings, from three to four diameters may be 
taken as a safe criterion for spindles that are constantly 
running at speeds say up to 5,000 revolutions per 
minute ; above that speed the length of the bearing can 
be increased one or one and a half diameter with 
advantage. For spindles that work only occasionally 
and at a slower speed they may be made shorter, and the 
spindles of less diameter for a given duty, the friction in 
consequence being reduced. 

Friction can be reduced considerably by means of 
rolling bearings, but the obstacles in the way of their 
application render them unsuitable for wood-working 
machinery. A plan for lubricating bearings by means of 
cold water was patented some thirty-five years ago by 
Mr. John Blyth, of London. In this case the bearings 
were made partiall}'' hollow, and through them a stream 
of cold water was passed. This, with many other plans, 
also came to nothing, and the ordinary solid, cylindrical 
bearings, divided horizontally and lubricated with oil, are 
now almost entirely employed. 

In this country the metals used for the construction of 
bearings are confined to gun-metal, cast-iron, white metal 
alloys, and an alloy known as phosphor bronze. Gun- 
metal containing about 18 parts of tin to 82 of copper, 
and cast in chills to give a kind of ** skin '* to bearings, is 
found sufficient for many spindles, but for bearings on 
which there is constant and gi'eat pressure the alloy 
phosphor bronze is to be preferred. This is a combi- 
nation of copper, tin, and phosphorus, which possesses 
great tensile strength, hardness, and durability, which 
render it suitable for crank and other pins where there 
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is great friction, as well as for bearings. Castings from 
phosphor bronze can be produced very fine in the gi^ain, 
and of almost perfect soundness, thus giving less tendency 
to seize or fire when working. 

Bearings made of cast-iron, when perfectly sound, 
accurately fitted, and well lubricated, are not to be 
despised, and for steel spindles to run in, will wear well. 

Soft metal alloys, such as that known as Babbitt 
metal (which is an alloy consisting usually of 9 parts of 
tin and 1 of copper), or Parson's white brass, are exten- 
sively used in America, but we do not recommend them. 
There may be somewhat less friction in their use, and 
they are cheaper in their first cost, but as they require 
constant renewals anything gained in this way is soon 
lost, especially in cases where energetic friction has to be 
contended against, as in the case of the overhung spindles 
of moulding machines. 

Where soft alloy bearings are used great care should 
be exercised in renewing them ; the spindle should first 
of all be set to a dead level, and the metal, which should 
not be over-hot, should be poured on both sides of the 
bearing at the same time, so that the mould may be 
perfect, the bearing should then be carefully scraped and 
bedded. An alloy for bearings patented by Lechesne has 
latterly been very highly spoken of; it consists of copper, 
650 parts ; nickel, 275 parts ; cadmium, zinc, and tin, 25 
parts. We have not yet had an opportunity of trying it, 
but cadmium, which is very malleable and fuses at a low 
heat, should from its nature produce a very fine surface 
on a beaiing; it is, however, somewhat difficult to 
combine with other metals. 

The chief bearings of high-speeded machines should 
be made adjustable for wear ; tliis is especially important 
where there is a great "pull" on the spindle. Conical 
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bearings have some advantages for light spindles, but 
care must be taken that they are adjustable, and that no 
end play is allowed. Footstep bearings, or those on 
which the lower ends of a vertical spindle rest, are 
especially diflScult to keep in order. These bearings 
should be constructed with lateral and vertical adjust- 
ments, and a recess for oil, having direct communication 
with the bearing surface, should be formed in the 
pedestal in which the bearing is fitted. 

Bearings subject to a sliding friction, such as the 
swing-frame V bearings in log frames, are much easier 
to keep in order than ordinary spindle bearings which 
are subject to a rolling friction. In outlying districts, 
where renewals are costly and difficult, wood may be 
used. Lignum-vitse, box, and pear-tree woods are suit- 
able for these bearings, but all resinous and loose-fibred 
woods are imsuitable. The bearings for shafting used in 
transmitting power to the various machines in a saw-mill 
should have a perfectly rigid seat, and be fitted with both 
lateral and vertical adjustments. As line shafting is 
often subject to considerable torsional and bending 
strains, where shafts of small diameter are required, 
Bessemer steel, on account of its additional stiffness, 
should be used ; the cost will be found to be very little 
in excess of iron, and it will present a smoother surface 
to the bearing. 

Shafting and spindles made of steel may be of smaller 
diameter for a given duty than iron. If iron is used it 
should be of good quality and free from seams. If 
seams exist, a bearing will never work well, and it has 
a much greater tendency to ** fire ** or " seize " the 
spindle. If this should occur, pour cold water on it 
and remove it from its seat, let the faces of the bearing 
be rather closer together, removing all abrasions with a 
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scraper, remove any roughness on the spindle, and 
accurately re-bed it with a scraper, and red-lead till it 
runs easily at a dead level, well lubricate with tallow and 
plumbago mixed, and start again. 

In practice it is usually found more difficult to keep 
bearings well lubricated that are subject to constant and 
great pressure, than those which carry spindles revolving 
at high speeds, as from the weight of the load, after run- 
ning a short time, their unguents are expelled from the 
bearings, unless especial provision is made. For this 
class of bearings unguents with a considerable metallic 
base, such as plumbago, are found the most efficient. 

Various plans for the self-lubrication of bearings have 
been introduced, with more or less success. This can be 
carried out well by forming the bearings to extend con- 
siderably beyond the collars of the journal ; the extended 
ends of the bearings must be hollowed out internally to 
form oil cups ; the oil, being supplied from the top in the 
usual w^ay, passes over the frictional sm-faces, and is 
caught in the annular cups. The oil is re-used by means 
of the bearing collars which, as they revolve, catch it up, 
and carry it to the top bearing, the inner faces of which 
must be inclined upwards towards the centre, leaving a 
way for the oil, which is thus re-distributed over the 
rubbing surfaces. 

Another self-oiling plan, especially adapted for line 
shafting, has recently been patented. The improvement 
consists in making part of the plummer-block hollow, to 
fotm an oil chamber; in this recess a narrow roller is 
mounted, having its lower part immersed in the oil, and 
its upper part in contact with the shaft through an open- 
ing cut in the bearing. When the shaft revolves, the 
smaller roller revolves also, thus constantly bringing the 
oil from the chamber to the shaft as long as the motion 
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continues : when the shaft stops lubrication ceases. The 
oil, after being used on the bearing, is received in a 
channel and conducted back to the oil chamber for 
re-using. 

In some saw benches of American construction the oil 
used for lubricating is made to circulate from one set of 
bearings to the other by means of yam, which is fitted 
into grooves cut in a bracket which holds the saw- 
spindle, and in which the two sets of bearings are 
mounted. 

Although after constant re-usage the oil doubtless 
loses its oleaginous properties and becomes more or less 
useless for lubricative purposes, yet, without doubt, a 
considerable saving is effected by the use of a well-con- 
structed self-lubricating bearing on Une-shafting. In 
an^anging line-shafting, by the way, care must be taken 
that the shaft is strong enough and the bearings i^laced 
near enough together to overcome any bending strain, as 
in saw-mills the speed, nimiber of pulleys, and belt ten- 
sion is often excessive. Should this not be done, the wear 
on the bearings will be very unequal, and they will 
rapidly deteriorate. End play on the shaft should also 
be guarded against. 

We shall now notice various lubricants we have found 
especially well adapted for wood-working and other high- 
speeded machinery, and having briefly considered various 
forms of bearings, we will discuss the best means of lubri- 
cating them, so as to reduce the friction engendered to the 
lowest possible point. 

Firstly, as regards the lubricating materials : a large 
number of mixtures of oil and grease of various kinds are 
offered, imder very grand names, to users of machinery ; 
most of these are warranted to effect wonderful results, 
and a high price is asked for them. The lubricative quality 
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of any preparation, however, really depends on the amount 
of greasy particles contained in it, and as the advantage or 
otherwise of these advertised preparations is a somewhat 
difficult subject to discuss with any degree of accuracy, 
we shall confine our remarks to the ordinary oils of 
commerce. 

For light, high-speed spindles several of the fixed oils, 
or those expressed from seeds and fruits, are extremely 
valuable, notably olive and castor oils, the latter from its 
clinging properties, being retained for a considerable 
time in the bearings, and it has the additional advantage 
of being free from acid, neither does it clog from vis- 
cidity ; but the cost of these oils more or less precludes 
their use for general purposes, and users of machinery 
must of necessity fall back on animal or fat oils. 

Mineral oils' and those containing acids or alkalies, 
which can often be purchased at a very low price, should 
in all cases be avoided, as they are acrid in their nature, 
and their oleaginous properties are small. If an oil of 
fair quality is carefully used, it will last much longer 
than those of low grades, and the bearings also will keep 
in better condition, as poor mineral oils are rapidly 
absorbed or expelled. 

Amongst the fatty lubricants sperm oil, lard oil, and 
Russian tallow hold the foremost rank. 

For general saw-mill purposes we can, from experience, 
recommend either of the following mixtures, and as 
regards efficacy there is little to choose between them : — 
good lard oil, 75 parts ; plumbago, or sulphur, powdered 
very fine, 25 parts. If the spindles are light and running 
at a high speed, the amount of plumbago may be reduced ; 
should they be heavy, running at a low speed, and subject 
to constant and great pressure or strain, the amount of 
the plumbago may be increased with advantage up to 40 
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parts. We have recently heard soapstone combined with 
oil very highly spoken of as a lubricant for high-speed 
spindles ; it is first reduced to a very fine powder, and 
washed to remove all gritty particles, it is then stirred in 
diluted muriatic acid, to dissolve any traces of iron it 
may contain. The powder is then re-washed to remove 
the acid, dried, and mixed with oils or fats in about the 
same proportions as those given above, and is said to 
retain the oleaginous properties of the lubricant, and to 
produce a very fine sm'face on the bearing. An anti- 
friction grease, composed of hog's lard, gutta-percha, and 
powdered blacklead, is much used on heavy spindles in 
the United States. All fat oils should be stored in a 
moderate temperature ; if they are exposed to much heat 
they are found to decompose and lose their oleaginous 
properties. Should oil become rancid and offensive, it 
may in a great measure be restored by adding to it a small 
quantity of nitric ether or spirits of nitre. 

The lubricant being selected, the very important point 
arises, which is the best and most economical way of 
applying it. This depends somewhat on circumstances. 
On spindles revolving at very high speeds, such as those 
used in moulding machines, a double or two grease cups 
should be provided, one-half of which should contain 
tallow and plumbago, and the other oil. Notwithstand- 
ing the introduction of many new lubricators, the old- 
fashioned plan of trimming the oil boxes with a piece of 
twisted wire and yam, through which by capillaiy attrac- 
tion the oil reaches the beai'ing, is not by any means to be 
despised. We have found a brass needle lubricator, 
fitted with a glass top, very economical for general 
machine purposes, and the ordinary glass needle lubri- 
cator for shafting. 

We do not recommend a lubricator to be made entirely 
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of metal, as the state of the oil supj)ly does not come 
constantly under the eye of the operator, and the spindle 
may sometimes be allowed to "seize," much to its 
detriment. In all ordinary bearings it is the practice to 
cut a slight groove along the top of the bearing to hold 
the surplus oil ; this as a rule is sufiicient, but for bear-r 
ings difficult to keep lubricated, such as the connecting 
rod bearings of log or deal frames, or the footstep bear-r 
ings of irregular moulding machines, we can recommend 
the following plan : — Take the bearings, and where they 
join each other horizontally form a narrow recess on both 
sides for about three pai'ts of their length, into this fit 
tightly pieces of thick felt, lubricate in the usual way ; 
when thoroughly charged this felt will retain the oil for a 
considerable time : the felt can, if required, be fitted in a 
recess formed in the top of the bearing. As a rule an 
enormous amount of oil is wasted in lubricating the 
machinery in a saw-mill, owing to the dust which is 
floating about, which absorbs it ; and owing to the high 
rate of speed at which it is necessary to run most of the 
machines, the oil is more readily expelled from the bear- 
ings. All bearings possible should therefore be fitted 
with dust-guards and the main and other shafting with 
pans to catch the oil, which can again be used on the 
slower-running machines. 

A large variety of lubricators are in existence; that 
chiefly used is known as "the Needle" (Lieuvain's 
patent). We have constantly tested it, and can speak 
well for its economy. Its construction is of the simj)lest 
— a copper pin filed slightly flat on one side, to allow the 
passage of the oil, is arranged to move vertically through 
the plug of the lubricator, with its bottom end resting on 
the shaft. As long as the shaft is in motion the pin is 
lifted slightlj'-, and a small amount of oil is allowed to 
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flow on to the shaft ; when the shaft stops and the pin is 
at rest, the supply ceases. 

Another form of lubricator, which should be econo- 
mical, has also lately been introduced. This is known 
as the ** Capillary,'* and is arranged with a series of small 
holes through which the oil is sucked on to the shaft. 
With some grades of oil we are afraid some little 
difficulty would be experienced in keeping the oil- ways 
clear. 

On engine cylinders ordinary tallow cups are usually 
fitted, the supply to the cylinder being dependent on the 
engine-driver. This is often neglected, or is at the best 
very irregular, and occasionally the valves may be left 
open, and all the tallow be allowed to run into the 
cylinder, the result being either increased friction on the 
piston-rings and cylinder, or a great waste of lubricating 
matter. In place of this plan, an automatic steam lubri- 
cator can be used with advantage. Several types of these 
are constructed, which give a small but continuous supply 
of lubricating matter as long as the engine is running, 
and directly it stops the supply ceases. In some of these 
automatic lubricators the exact amount of lubricating 
material can be accurately measured and regulated. For 
this purpose a valve outlet is to be preferred to the ordi- 
nary plug outlet, thus securing the most efficient lubrica- 
tion with the minimum amount of waste. The saving 
effected in this way may appear infinitesimal in a day, 
but when multiplied by months or years it reaches a very 
respectable total. 

Whilst discussing lubrication, although it is not directly 

connected with bearings, it may not be out of place to 

note briefly the lubrication of circular and band saws. In 

sawing some kinds of resinous woods it is found necessary 

to especially lubricate the saw as well as the saw spindle ; 

I 2 
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efficient lubrication of the saw spindle mnst, howeTer, 
first be secnred, as should heat from the spindle be com- 
municated to the saw, it destroys the stiffiiess of the 
plate, and gives a tendency to " buckling." Care also 
should be taken that it is worked at its right speed — say 
about 9,000 ft. traverse at the periphery per minute — as 
it is found that, if run at too great a rate, a saw becomes 
wary and pliant, and runs untrue. When it is necessary 
to especially lubricate the saw, we can recommend the 
following plan in preference to the old arrangement of 
oiled gasket-packing stuffed in between the saw and the 
bench, as this is difficult to do perfectly even, and it also 
wastes a considerable quantity of oil. On both sides of 
the back of the saw, fit adjustable packing boxes under 
the saw table, extending to within about Sin. of the 
centre of saw, bore holes through the table so that oil can 
be poured into the box as required, leave the side of the 
box nearest the saw open, and make the other side adjust- 
able by means of set screws, fill the box as tightly as 
possible with gasket, and adjust the set screws so that the 
gasket bears evenly along the saw, that the fnction and 
consequent expansion and contraction of the saw-blade 
may be perfectly uniform. An adjustable saw-guide 
made of hardwood should also be fitted to the front of the 
saw. To lubricate saws, oil is often thrown on the plate ; 
this should never be done, as it is both wasteful and 
inefficient. 

In sawing some kinds of wood with a band saw, notably 
pitch pine, the friction caused by the clinging properties 
of the resin is a fruitful cause of the breakage of the 
blade from expansion and contraction. This can easily 
be lessened by mounting the top saw-wheel elastically, 
keeping the leathers on the saw-wheels true, slackening 
the tension of the saw immediately after finishing work. 
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and by keeping the blade well lubricated and clear from 
resin. For efficiently lubricating and cleaning the saw- 
blade we can recommend the following arrangement : — 
In place of the pieces of hardwood usually used to guide 
the saw, provide small square oil boxes with the side 
next the saw made movable and adjustable to the gauge 
of the saw by means of set screws ; through these mov- 
able sides or plates drill a number of small holes, when 
the saw is in motion the oil will percolate through these 
holes and moderately and efficiently lubricate the blade. 
To keep the saw-blade clear from resin, a small hard 
brush should be fitted to the frame of the machine or 
saw-guard, and arranged so that it can be made to bear 
against the blade as required. 

Discussing these small matters may to some appear 
trivial, but I make no apology for so doing, as owing to 
the keen competition, both home and foreign, in every- 
thing appertaining to joinery or wood manufacture, any- 
thing, be it ever so small, that either saves labour, or 
adds to the productive efficiency of a machine, all prac- 
tical men will admit is of great and increasing importance. 
Or as the poet Young says : — 

** Think nanght a trifle, though it smaU appear ; 
Small sands the mountain, moments make the year, 
And trifles life." 

A very large number of lubricating compounds are in 
use in America, some said to possess remarkable proper- 
ties ; of most of these we are unable to speak from our 
own experience, but as the subject is one of much interest^ 
we append some notes thereon, taken from the '' Scientific 
American": — **The desirable features of a good lubri- 
cant or an unguent may be briefly stated thus : It should, 
first of all, reduce friction to a minimum, should be per- 
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fectly neutral, and of uniform composition. It should 
not become gummy or otherwise altered by exposure to 
the air, should stand a high temperature without loss of 
decomposition, and a low temperature without solidifying 
or depositing solid matters. The question of cost and 
adaptability to the requirements of light or heavy bearings 
are also important considerations. 

** The finest lubricating oils in the market — ^those used 
for watch, clock, and similar delicate mechanism — are 
chiefly prepared from sperm oil by digesting it in trays, 
with clean lead shavings, for a week or more. Solid 
stearate of lead is formed, and remains adhering to the 
metal, while the oil becomes more fluid and less liable to 
change or thicken on chilling. 

" Sperm oil is used for lubricating sewing machines and 
other light machinery. Some of the oils sold for this 
purpose contain cotton seed oil and kerosene, and others 
are composed largely of mineral, sperm, or signal oil — a 
heavy, purified distillate of petroleum. 

*' Good heavy lubricating oil is made from heavy paraf- 
fine oil (a distillate of petroleum). Owing to * cracking ' 
(decomposition of the vapours of the heavy distillate into 
lighter products), which takes place in the still, the crude 
oil contains a large percentage of light offensive oils, too 
thin for lubricating purposes. In Merrills process these 
are separated by blowing superheated steam through the 
oils, heated just short of its boiling point in the still, the 
lighter oils being driven off, a neutral, nearly odourless, 
heavy oil, gravity 29 deg. B. to 26 deg. B., and boiling 
at about 575 deg. Fahr., remaining. When mixed with 
good lard oil it makes an excellent and cheap lubricant. 

" Common heavy shop and engine oils are commonly 
variable mixtures of heavy petroleum or parafiine oils, 
lard oil, whale or fish, palm, and sometimes cotton seed 
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and rosin oils. There are nearly as many of these com- 
posite oils in the mai'ket as there are dealers in such 
suppUes. The following is one of them : — 



Petroleum 


... 30 per cent. 


Paraffine oil (crude) 


... 20 „ 


Lard oil 


... 20 „ 


Palm oil 


J ,, 


Cotton seed oil 


... 20 „ 
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" Solid or semi-solid unguents, such as mill and axle 
grease, &c., are prepared from a variety of substances. 
The following are the compositions and methods of 
compounding a few of these : — 

" Frazer's axle grease is composed of partially saponified 
rosin oil — that is, a rosin soap and rosin oil. 

" In its preparation, one-half gaUon of No. 1, and two and one-half 
gallons of No. 4 rosin oil, are saponified with a solution of one-half 
pound of sal soda dissolved in three pints of water, and ten pounds of 
sifted lime. After standing for six hours or more, this is drawn oflE from 
the sediment and thoroughly mixed with one gallon of Xo. 1, three and 
one-half gallons of No. 2, and four and two-third gallons of No. 3 rosin 
oiL This rosin oil is obtained by the destructive distillation of common 
rosin, the products ranging from an extremely light to a heavy fluorescent 
oil or colophonic tar. 

" Pitt's car, mill, and axle grease is prepared as fol- 
lows: — 

Black oil or petroleum residuum 40 gallons. 

Animal grease 50 pounds. 

Rosin, powdered 60 „ 

Soda lye 2 J gallons. 

Salt, dissolved in a little water 6 pounds. 

" All but the lye are mixed together, and heated to about 250° F. The 
lye is then gradually stirred in, and in about twenty-four houra the 
compound is ready for use. 

** Hendrick's lubricant is prepared from whale or fish 
oil, white lead, and petroleum. The oil and white lead 
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are, in about equal quantities, stirred and gradually heated 
to between 350 degs. Fahr. and 400 degs. Fahr., then 
mixed with a sufficient quantity of the petroleum to reduce 
the mixture to the proper gravity. 
"Hunger's preparation consists of: — 



Petroleum 
Tallow 
Palm oil 
Plumbago 
Soda ... 



1 gallon. 
4oz. 
4oz. 
6oz. 
1 oz. 



Liquid. 


Solid. 


Igall. 


1 gall. 


loz. 


2oz. 


IJoz. 


7oz. 


1 oz. 


1 oz. 



" These are mixed and heated to 180° F. for an hour or more, cooled y 
and after twenty-four hours well stirred together. 

"A somewhat similar compound is prepared by John- 
son as follows : — 

Petroleum (30° to 37' gravity) j 

Crude paraffine 

Wax (myrtle, Japan, and gambier) 

Bicarbonate of soda 

Powdered graphite StoSoz. 8oz. 

" Maguire uses, for hot neck grease : — 

Tallow 
Fish 

Soapstone . . . 
Plumbago ... 
Saltpetre ... 

" The fish (whole) is steamed, macerated, and the jelly pressed through 
fine sieves for use with the other constituents. 

" Chard's preparation for heavy bearings consists of: — 

Petroleum (gravity 26'*) ... 

Caoutchouc 

Sulphur ... 

Plumbago ... 

Beeswax ... 

Sal soda ... 

'^ This composition is stirred and heated to 140^ F. for about half an 
hour. 



... If) 


pounds 


... 60 


i» 


... 12 


»> 


... 9 


i» 


... 2 


i» 





12 


ounces. 




2 






2 






4 






4 






2 
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" The following are a few of the compositions for lubri- 
cating that have been patented : — 

Petroleum residuum, alkali, ammonia, and saltpetre. 

Graphite, oil, caoutchouc. 
. Asbestos and grease. 

liignumvitae and spermaceti. 

Ivory dust and speimaceti. 

Tin and petroleum. 

Zinc and caoutchouc. 

Plastic bronze and caoutchouc. 

Tallow, palm oil, salts of tartar, and boiling water. 

Oil, lime, graphite, castor oil. 

Shorts, soapstone, and castor oil. 

Petroleum residuum, salt, caustic potash, sal ammoniac, spirit of 
turpentine, linseed oil, and sulphur. 

Petroleum residuum and flour. 

Petroleum residuum, lard, sulphur, and soapstone. 

Mixed heavy and light petroleum. 

Oil, wax, caoutchouc, rosin, and potash. 

Petroleum residuum, sal soda, sulphur, and kerosene. 

Glycerine, graphite, asbestos, kaolin, manganese, soapstone, sulphide 
of lead, carbonate of lead, and cork. 

Saponified rosin, wheat flour, petroleum, animal fat, and soda. 

Type metal and caoutchouc. 

Anthracite coal and taUow, 

Tin oxide and beeswax. 

Soapstone, magnesia, lime, and oil. 

Sulphur and petroleum. 

Vulcanised caoutchouc, petroleum, and tallow. 

Paraffine oil and milk of lime. 

Asbestos and taUow. 

Spermaceti and indiarubber. 

Tallow, petroleum, soda, and hair. 

Mercury, bismuth, and antimony. 

Petroleum, sal soda, lime, tallow, lard, salt, pine tar, turpentine, 
camphor, and alcohoL 

Sulphur, plumbago, mica, tallow, and oiL 

Palm oil, paraffine, tallow, alkali, and asbestos. 

Tallow, oil, paraffine, and lime water. 

Flax seed oil, cotton seed oil, tallow, and lime water. 

Petroleum, tallow, beeswax, soda, and glauber salt. 

Animal oil, croton oil, spermaceti, tallow, soda, potash, glycerine, and 
ammonia. 
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Sheets of paper or woven fabrics impregnated with graphite, steatite, 
paraffine, tallow, size, and soluble gums." 

Should mineral oil be employed for lubricating i)ur- 
poses, care must be taken that they do not give off in- 
flammable vapour under, say 350 degs. Fahr., as many 
disastrous fires have been traced to the use of oils with a 
low flashing point. A mixture of mineral and animal oils 
has latterly come considerably into use for lubricative 
purposes. Mineral oils for lubricating purposes should 
be free from fatty acids, mucilage and gelatine, and they 
should possess a specific gravity of about 0*910 at 15 
degs. Cent. 

Solidified oil can occasionally be used for lubricating 
with advantage on vertical or horizontal surfaces, as it 
will cling to them better than ordinary liquid oil ; should 
lubricators be used with it, the outlet should be about 
one-third larger than for oil. 

In conclusion, whatever oil or lubricating matter is 
employed, its specific gravity or body should be in ratio, 
or calculated according to the nature of the work to be 
performed, bearing in mind the weight and speed of the 
parts to which it is applied, and the special nature of the 
friction it is intended to modify. 

As the adulteration of lubricants has become so general, 
we append, as a guide and warning to our readers, a few 
notes on the adulteration of oils, lard, and tallow, taken 
from a practical work by R. S. Christiani : — 

" Fats and oils are subject to adulteration and falsification, particularly 
those of great commercial value; and generally with fats and oils of 
lower prices. By exposure to the air they absorb oxygen and become 
rancid ; some oils dry into a kind of vamisli, and are called drying oils. 
The fats are adulterated with foreign substances to increase tlieir weight. 
We cannot here go into a general analysis of all these important mate- 
rials, but wiU examine such as are in common use and most liable to 
sophistication. 
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" Olive Oil.— Olive oil for the manufacture of soaps is onlinarily 
adulterated with cole-seed oil, cotton-seed oil, and poppy oil. These 
mixtures are sometimes disguised by colouring them green with indigo, 
so as to create the impression that green olive oil is present. The 
adulteration with black poppy oil is the most frequent, not only on 
account of the cheapness of this oil, but also on account of its sweet 
taste, and its odour being but little pronounced. 

" Oil op Sweet Almonds. — The oil of sweet almonds is principally 
falsified with poppy oil and with sesame oil. Several processes have 
been proposed for detecting this falsification. Oil of sweet almontU 
becomes cloudy at 20'' 0. (4* below 0° F.), and soUdifies at 25'' C. (13' 
below 0** F.), while poppy oil begins to solidify between 3-9'' C. (39*' F.), 
and 6* C. (42*8*' F.) One part of aqua ammonia, mixed with nine parts 
of oil of sweet almonds, forms a white soft soap, very smooth and homo- 
geneous if the oil be pure ; on the contrary, it is clotted if it contains 
more than one-fifth of poppy oil. 

" Bapeseed Oil. — This oil is falsified with linseed, mustaixl, and whale 
oils, oleic acid, &c. Ammonia with pure oil gives a milk-white soap ; 
and a yeUowish-white soap when the mustard and whale oils are present. 
Gaseous chlorine colours rapeseetl oil brown, when it contains whale oil ; 
if pure it remains colourless. 

" Sesame Oil. — This oil is ordinarily mixed with earth-nut oil. 

"Linseed Oil.— This oil is falsified with hemp seed, and especially 
with fish oil. Pure linseed oil treated by hyponitric acid becomes pale 
pink ; by ammonia, dark yellow, and gives a thick and homogeneous 
soap. 

" Black Poppy Oil.— This oil is often mixed with sesame and beech- 
nut oils. The pure oil is coloured a light yellow with hyponitric acid, 
while beech oil acquires a pink colour. Ammonia colours it a light 
yellow ; the consistency is slightly thick, and the soap is a little 
granular. 

" Hempseed Oil.— The adulteration of this oil is always done with 
linseed oil. The pure oil treated by ammonia becomes yellow, thick 
and granular. 

" Castob Oil.— This oil is generally mixed ^vith black poppy oil. The 
adulteration is easy to detect with alcohol at 95° B. ; a certain quantity 
of oil agitated with this liquid is dissolved, and leaves the foreign oil as 
a residuum. 

" Neat's Foot Oil.— This oil is without doubt the most adulterated oil 
found in commerce. It is mixed with whale, black poppy oil, and olein. 

" Oleic Acid. — This acid is often mixed with resin oil. The pure acid, 
treated with an acid solution of nitrate of mercurj', yields a pale straw- 
coloured foam ; the resin oil yields a veiy dark orange foam. 

" Palm Oil. — This oil has been mixed with or manufactured entirely 
of yellow wax, lard, mutton suet, coloured with turmeric, and aromatised 
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with powdered orris root, without any genuine palm oil. By treating 
the suspected oil with ether, all the fatty bodies are dissolved ; the tur- 
meric and orris root remain insoluble. By saponification the mixed or 
artificial oil takes a reddish shade, due to the action of the alkali on 
turmeric. Sometimes powdered resin has been mixed with it; this 
falsification is easily detected by treating the oil with alcohol : the resin 
is dissolved while the oil remains insoluble. 

"Cocoa-nut Oil. — The commercial oil is often adulterated with 
mutton suet, beef marrow, or other animal greases, sometimes also with 
the oil of sweet almonds and wax. The oil falsified by these substances 
does not completely dissolve in cold ether. The ethereal solution is 
muddy like that given by pure butter. The oil thus falsified has a taste 
and an odour less agreeable, a colour rather greyish than yellowish, and 
has less consistency. The melting point is the best method of ascertain- 
ing the purity. Adulterated with greases or tallows the oil melts at 26" 
to 28° C. (78-8'' to 82-4° F.) ; with oil of sweet almonds it melts at 23*' C. 
(73-4*' F.) 

" Labd. — ^Alterations. — Lard exposed to the air in jars not well closed 
becomes rancid and turns yellow. If kept in copper vessels, or in 
earthen jars glazed with sulphide of lead, it may, by contact with the 
air, attack the copper or the glazing, and then contain stearate and 
oleatic of copper or lead. The copper is detected by pouring on the 
grease a few drops of ammonia, which immediately becomes blue. A red 
colouration is given by a solution of yellow prussiate of i)otash. Lead is 
detected by burning the lard, and carefully examining the residuum to 
see if there are any metallic globules. The residuum is then treated by 
nitric acid, which dissolves the metal. Filter, and to the filtrate add 
sulphuric acid, which gives a white precipitate. Lard may also contain 
an excess of water, which is ascertained by pressing and softening it 
with a wooden spatula ; the water oozes from it in the form of drops. 
By melting it at a low temperature the water separates from the grease. 
The principal adulterations of lard are the addition of common salt, the 
admixtiire of a grease of inferior quality, or that of a kind of grease 
obtained by the cooking of pork meat. Plaster of Paris is sometimes 
added. The addition of salt is easily detected by digesting the lard with 
hot distilled water. The salt in the water is abundantly precipitated 
with nitrate of silver. The precipitate is white, soluble in ammonia, 
and insoluble in nitric acid ; it becomes black when exposed to the 
light. Plaster of Paris is detected by melting in warm water the 
suspected lard. If it contains plaster, this falls to the bottom in the 
form of a white powder. The inferior greases are often very difficult of 
detection ; they are ascertained by the less white colour of the lard, and 
by a taste entirely different. The greases from the cooking of pork meat 
gives to the lard a greyish coloiir, a soft consistency, a salted and dis- 
agreeable taste. 
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" Tallows. — Tallows are generally adulterated with greases of inferior 
quality. Water is also incorporated in them by a long beating. Cooked 
and mashed potatoes have been also introduced into them. Fecula, 
kaolin, white marble, and sulphate of baryta, are also added to tallows. 
The principal adulteration is the addition of bone tallow ; properly 
speaking, it is not a falsification, it is only a change in the quality of 
the product. The mineral matters, the fecula, and the cooked potatoes, 
are easily ascertained by dissolving the tallow in ether or sulphide of 
carbon. All the foreign substances remain insoluble, and their nature 
is then easily determined. Iodine water, or the alcoholic tincture of 
iodine, will colour blue the insoluble residuum if it contains fecula. 
This fecula can be determined in the tallow by triturating the grease 
with iodine water and adding a few drops of sulphuric acid. The blue 
colour will appear immediately if there be fecula. For the mineral 
substances there is a process as simple as the above to ascertain their 
presence in tallow. It is to melt the tallow in twice its weight of water ; 
the foreign substances are precipitated, and the grease floats on the 
surface. Instead of using ordinary water, the tallow may also be boiled 
for a few minutes with two parts acidulated water for one part of tallow. 
The whole is allowed to rest in a test glass, or in a funnel placed over a 
water bath, kept at a temperature of about 40" C. (104" F.), so as to 
prevent the too rapid cooling of the tallow, and to give time to the 
impurities to separate and deposit. Iodine added in this last treatment 
will disclose the presence of fecula or starch. To ascertain the presence 
of water, knead dried powdered sulphate of copper with the tallow (half 
its volume of the powder). If there be much water, the mixture will 
take a blue colour if the tallow is white, and greenish if the grease is 
yellowish. As for the quantity of water added, the only way to ascertain 
it is by drying a sample in an oven. 

" Physical Properties op Oils. — Fixed oils, at the ordinary tempe- 
rature, are nearly always liquid ; some, however, such as palm oil, cocoa- 
nut oil, &c., are more or less consistent. They are also more or less 
mucilaginous, with a feeble taste, sometimes disagreeable. Some are 
colourless, but generally they have a slight yellow tint ; some are of a 
greenish-yellow colour, and this colour is due to a peculiar principle they 
hold in solution. Their specific gravity is less than that of water, all 
floating on this liquid, but it varies." 
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CHAPTER XI. 

STRAIGHT SAWS. 

The proper selection, sharpening, and manipulation of 
the cutting tools used in wood conversion cannot hut he 
a matter of the most vital importance in the productive 
efficiency of wood-working machinery, as, no matter how 
well designed or proportioned a machine may he, the use 
of tools unsuited to the work to he performed means less 
work turned out, inferior quality of work, and increased 
power expended to produce it. In no point connected 
with wood conversion do opinions differ so much as in 
what is the hest shape and cutting angle of saw teeth ; 
this is hest proved by the fact that there are at least one 
hundred different varieties in use. In discussing this 
question we trust we shall not be accused of being egotis- 
tical, as we simply give our opinion and nothing more ; 
at the same time we may be allowed to observe this 
opinion is not given on "hearsay evidence," but from 
absolute practical experience. 

The proper construction and use of saws involves 
many important scientific points that are unfortunately 
much neglected ; especially in countries where timber is 
plentiful the scientific use of saws is practically ignored, 
the result being an enormous waste of material and 
power. 
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Saws for the conversion of wood driven by other tlian 
hand-power may be divided into three classes: 1, recipro- 
cating or mill-saws ; 2, notary or circular saws ; 3, endless 
band or ribbon saws. 

The straight saw is by far the most ancient of the 
various saws now in use, perfect representations of it 
having been found on Egyptian and Grecian monuments 
supposed to be thousands of years old. The saws there 
shown appear, however, to be arranged "with a cutting 
action exactly the reverse of our own, i.e., with a pull 
cut instead of a thrust, and we believe this plan is still 
pursued in many parts of Asia and Japan. 

Within the scope of these pages it will be impossible 
to do more than glance at some of the most useful and 
prominent forms of saw teeth ; but, should our readers 
desire to extend their knowledge of the art of saw-filing, 
we can recommend them to peruse the undermentioned 
books.* So that no confusion may exist as to the terms 
used in describing the parts of a saw, we may give the 
following brief explanation : — S-pace. — The space is the 
distance from tooth to tooth, measured at the points. 
Pitch. — The pitch of a tooth is the angle of the face of 
the tooth up which the shaving ascends, and not the 
interval between the teeth, as with the threads of a 
screw. Gullet. — The gullet, or throat, is the depth of 
the tooth from the point to the root. Gauge. — The 
gauge is the thickness of the saw, and is generally mea- 
sured by what is known as the Birmingham wire gauge. 
Set. — The set is the amount of inclination given to the 
saw teeth in either direction to effect a clearance of the 
sawdust. Rake. — The rake of a saw is the angle, or 

♦ Holly's "Art of Saw Filing ;'* Holtzapffel's "Mechanical Manipu- 
lation ; " Worssam's paper on " Mechanical Saws ; '* Grimshaw on 
" Saws." 
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"lead," to which the teeth are inclined. Points, — Small 
teeth are reckoned by the number of teeth points to the 
inch. 

The chief points to be borne in mind in selecting a 
saw with the teeth best suited to the work in hand are 
the nature and condition of the wood to be operated on. 
No fixed rule can, however, be laid down, and the user 
must be guided by ch'cumstances. All mill web saws 
should be ground thinner towards the back of the saw, as 
less set is thus necessaiy, the friction on the blade is 
reduced, and the clearance for sawdust improved. Care 
should also be taken that they are perfectly true and 
uniform in toothing and temper. The angle of the point 
of a tooth can be found by subtracting its back angle 
from its front, and to do the best and cleanest work this 
angle should be uniform in all the teeth of the saw. 

As we have before remarked, there exists an immense 
variety in the shape of the teeth employed. Those most 
generally in use are known in this country as the peg, 
gullet, fleam, hand saw, mill saw, and the M tooth. 
False teeth are used to a considerable extent in America, 
but owing to the undue waste of timber, and tlie excessive 
power required to drive them, they are entirely unsuited 
to English practice. 

As regards the angles of the teeth best adapted for 
cutting soft or hard woods no absolute rule can be laid 
down. The following, however, may be given approxi- 
mately, and modified according to ch'cumstances. If a 
line be drawn through the points of the teeth, the angle 
formed by the face of the tooth with this line should 
be: — For cutting soft woods, about 65° to 70°, and for 
cutting hard wood, about 80° to 85°. The angle formed 
by the face and top of the tooth should be about 45° to 
50° for soft wood, and 65° to 70° for hard. It will thus 
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be seen that the angle of the tooth found best for cutting 
fioft woods is much more acute than for hard. Some 
years back some interesting experiments to determine 
the best form of teeth for frame saws were made at the 
works of Messrs. Leistler Bros., Vienna. The saws 
were worked by vertical reciprocating mechanism of the 
ordinary character. 

The kinds of wood experimented upon were pine, oak, 
lime-tree and mahogany, and saws of three different 
forms of teeth were used. The teeth of saw we will call 
No. 1, were set at right angles, the angle at the breast 
flO*^, at the point 42°, and at the back 48°, the breast was 
perpendicular to the ground — with this saw 41 experi- 
ments were made. Saw No. 2 had overhanging teeth, 
the angles being at breast 74°, at point 26°, and at back 
48° — with this blade 25 trials were made. Saw No. 8 
had back springing teeth, the angle at breast being 106°, 
that at the point 58°, and that at the back as before 48° 
—with this saw 26 experiments were made. Tables were 
given containing the results of these trials, which may be 
briefly summarised as follows: — As regards pine, the 
results with all the saws were so nearly equal, that 
it would seem that the shape of the teeth is of little 
importance ; but this conclusion we ourselves cannot by 
any means agree to. 

For sawing oak and mahogany, saw No. 1 is the worst, 
No. 2 considerably better, and No. 3 slightly the best. 
Por sawing lime-tree, saw No. 1 is the worst. No. 8 
slightly better, and No. 2 decidedly the best. The 
power required to saw the lime-tree was stated to be 
nearly double that necessary for the other woods experi- 
mented on. 

The action of a saw when used for ripping or cutting 
with the fibres of the wood is entirely different from one 
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used for cross-cutting or severing the fibres of the wood 
transversely ; the shape of the teeth and the method of 
shaii^ening should be therefore entii^ely diflferent. In the 
case of a ripi)ing saw the action of the saw is chiefly a 
splitting one, the revolving or reciprocating saw teeth 
acting like a series of small wedges driven into and sepa- 
rating the longitudinal fibres of the wood, whilst with 
cross-cutting saws the fibre of the wood has to be severed 
across the grain and is comparatively unyielding, and the 
teeth of the saw meet with much more resistance, and it 
is found necessar}' to make the teeth considerably more 
upright, and more acute or lancet-shaped in their fonn, 
than for cutting with the gi*ain. The faces of the teeth 
should be shaii)ened to a keen edge, and for hard wood 
filed well back, so that in work they may have a direct 
cutting action, similar to a number of knives. Cai'e 
should also be taken that the teeth are made of sufficient 
depth to afibrd a free clearance for the sawdust. This is 
an important point also with ripping saws ; but how often 
do we see stumpy, ill-shaped teeth allowed to do duty, 
with a con'esponding loss in the quality and quantity of 
the output, and an increase in the i^ower used? The 
teeth should also be equal in length ; if not, the longest 
teeth get the most work, and the cutting power of the 
saw is much lessened. The length of the teeth should 
depend on the nature of the wood being sawn ; for sawing 
sappy or fibrous woods, long, sharp teeth are necessary, 
arranged with amjole throat si)ace for sawdust clearance : 
care must be taken, however, that the teeth are not too 
long, or they will be found to spring and buckle in work. 
In sawing resinous woods, such as pitch pine, the teeth 
of the saw should have a considerably coarser set and 
space than for hai'dwoods. It will also be found advis- 
able — especially with circular saws — to lubricate the 
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blades well, as the resinous matter is thus more easily 
got rid of. This can be done by an^anging a series of 
small hard lubricating brushes in a fi-ame and making 
the blades to pass through them occasionally. In sawing 
hard woods, either with reciprocating or circular saws, 
the feed should not be more than one-half as fast as for 
soft wood; the saw sliould contain more teeth, which 
should be made considerably shoiier than those used for 
soft wood, roughly sj^eaking about one-fomili ; it is im- 
possible, however, to make a fixed rule, owing to the 
gi'eat vaiiety of woods and their different hardnesses: 
the length of teeth which may be foimd to suit one wood 
well, may in another case require to be increased or 
decreased. 

In sawing some of the woods found in Queensland and 
Brazil, and many tropical woods of extreme hardness, it 
is necessary to have a ver}' slow rate of feed, especial 
means for holding the wood steady, and an increased 
number of saw-teeth placed nearly upright, of reduced 
depth, and spaced finer. Taj^ered mill saws are perhaps 
the best form to use, and the set of the teeth should be 
much reduced. 

In cutting woods which are much given to hang and 
clog the saw-teeth, increment teeth may be used with 
advantage ; these are arranged with fine teeth at the 
point of the saw, which gradually get coarser till the heel 
of the saw is reached : thus the fine teeth commence the 
cut and the coarser ones finish it, thus obviating in a 
great degree the splintering and teaiing of the wood 
caused by coarse teeth striking the wood at the com- 
mencement of the cut. Great care should always be taken 
in straining and packing mill saws in their frame, and the 
right amount of lead or overhang given to them ; any 
time spent in this waj' is amply repaid by the better 
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quality of the output. A complete set of numbered 
packing pieces for every thickness of cut should always 
be kept on hand. It mil be found advantageous to keei> 
these in pigeon holes or on nails, with the sizes marked 
near. All packing pieces should be accurately gauged, 
and sawj'^ers should not be allowed to run about and make 
them as wanted, as those made in a huny are as often as 
not out of truth. It is often amongst sawj^ers a point of 
competition as to who can run saws of the thinnest 
gauge ; this is all very praiseworthy if not canied to 
excess : but if it is, more time is wasted in keeping the 
saws in order than is gained from the use of the very thin 
blades. 

With the object of lessening the labour in gulleting, 
saws are now often made with a series of holes punched 
through the plate from the root of the tooth onwards ; 
this lessens considerably the labour requii'ed when saws 
are gulleted by hand, and should prevent undue expan- 
sion, but the friction in working would probable be some- 
what increased. 

In single-bladed saw frames used for sawing panels, 
breaking down valuable woods, &c., reciprocating saws 
with a double cut are generally used ; in these one-half 
of the saw teeth are inclined in one direction from the 
centre of the blade, and the other half in the opposite 
direction. It will be found advisable with these saws tp 
support them in the centre of their cut by means of ad- 
justable guides or packing pieces, which will cause them 
to run truer and be less likely to buckle, especially if of 
thin gauge. 
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CHAPTEE XII. 

CIRCULAR SAWS. 

Many of our preceding remarks on saws and saw teeth 
will apply equally well to circular as to straight saws, and 
it is quite as important that the teeth of circular saws to 
do good and effective work should be: 1, teeth of the 
correct shape for the nature of the wood sawn ; 2, teeth 
correct and equal in pitch, space, bevel, gullet, length, 
and set. This list may appear somewhat formidable, 
but users will soon find that any reasonable amount of 
time spent in keeping saws in fine condition, and working 
them in what may be called a scientific manner, will 
rapidly repay itself. 

Owing to the speed at which the teeth of circular saws 
are made to run, the cutting action of the teeth on the 
wood may be considered practically continuous; there- 
fore, to allow of more space or throat room for the clear- 
ance of the sawdust, the teeth are set further apart than 
in reciprocating or mill saws. They are also made more 
inclined, and are set coarser. The circular saw has the 
disadvantage of requiring large power to drive, and it 
also wastes a considerable amount of wood. These 
drawbacks are, however, more than counterbalanced by 
its ready adaptability and speed in converting all kinds 
of wood. 
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Before commencing to sharpen a circular saw, care 
should be taken that is loerfecily round. This can be 
done by placing the saw on the spindle, and running 
down the points of the projecting teeth b}'^ means of a 
hard piece of stone. 

It has of late become somewhat tlie practice to decrease 
the number of teeth in the periphery of circular saws, 
and we are rather inclined to favour this, as more throat 
space is given for the clearance of sawdust, and less 
power is required to drive, unless it is carried to excess, 
as it has been in some cases in America, where large 
saws, carrying only eight teeth, have been run, and in 
one case we have read of in California, a saw, euphoniously 
called the " Woodpecker," with only two teeth, is or was 
in operation. In the successful working of circular saws 
much depends on the speed of the saw teeth being suit- 
able to the material operated on. The writer has tested 
this on various tunbers, and with different kinds of saws, 
by placing a four-speed cone pulley on the saw spindle in 
lieu of the ordinary fast and loose jjulleys. This ar- 
rangement, however, would necessitate a considerable 
alteration in the machines and shafting at present in use, 
and the same effect may be gained by using different 
diameters of saws ; the improvement in the sawing with 
varying speeds was very great. TJjus, in sawing oak and 
other hard woods, the speed of the saw teeth and feed 
were both reduced with marked advantage, the teeth at 
same time being more in number, smaller in size, and 
more upright in position, whilst in the case of cross- 
cutting, when the action of the saw is essentially a 
cutting one, the speed of the saw can be increased with 
advantage. As we intend elsewhere to give a few notes 
on speeds in wood-working machinery, we will not here 
dwell further on this point. We hear that circular saws 
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are now being made in America in three layers, each side 
of cast steel, and the inner layer of wrought iron ; we 
should be glad to know how this plan answers, as, owing 
to the difterent densities of the metals, one would expect 
the expansion and contraction to vary also, though pos- 
sibly not sufficiently to open the joint of the weld. It is 
found in practice that a thin gauge saw requires more 
teeth than a thicker one to make it stand to its work ; 
this consumes more power, but the work turned out is 
cleaner : at the same time the writer is of opinion that 
more is lost than gained by the use of circular saws of 
extremely thin gauge. If very fine circular sawing is 
required he recommends the use of a "ground off** saw. 
Care should be taken in sharpening saw teeth with a hook 
to them, such as is found in the different forms of gullet 
and brier teeth, that too much hook or inclination is not 
given to the teeth, or they will be found to dig into and 
draw the wood and run out of truth, and, should the 
temper of the saw be hard, they may break off. 

To overcome the unequal expansion and heatmg in 
circular saws, we have recently seen one of American 
origin made with radial slots ; we have not, however, 
&^QXi it in operation : the inventor claims for it that, 
should the saw become heated near the eye, the slots 
close up as much as the metal expands, thus leaving the 
rim of the saw unaffected, or should the rim of the saw 
become heated, and consequently expanded, the radial 
slots, by opening, neutralize the expansion, and thus 
both the rim and tlie eye of the saw remain true. The 
inventor also claims that a slotted saw may be heated 
ever so much or often, and never be thereby thrown out 
of truth, the external and internal vent allowed by the 
slots causing the saw always to operate easily and freely, 
and consequently be less liable to heat, and, if it does 
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beat, no bad effect is produced, as it will resume its 
original sbape wben cooled, and will rim witb a gauge 
less set. Tbe slots are cut from tbe eye of tbe saw, and 
terminate in round boles. Perbaps some of our saw 
manufacturers will give us an opportunity of verifying: 
tbe wonderful statements made concerning tbis saw. 




FIG. 17. 



A great point in working eitber straigbt or circular 
saws is to keep all tbe teetb to tbeir proper and uniform 
sbape ; tbis is somewbat difficult to do, imless a standard 
template of several teetb is made and used : tbe author 
bas devised for circular saws a plan (fig. 17) for using 
templates, wbicb be bas found extremely useful and 
exact in operation. Wben a circular saw is being 
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sharpened, either by a machine or in a hand vice, it is 
usually mounted on a stud. On this stud is mounted a 
light flat radial arm, which is made adjustable to and 
from the centre of the saw; the standard template of 
the saw teeth, which should be made of sheet steel, is 
mounted in the end of this radial arm, and is made to 
bear flat against the saw plate : thus, as the teeth of the 
saw are traversed round by hand, the exact shape and 
depth of the teeth can be filed from the template ; the 
same plan can readily be adapted to mill saws. 

Saw Teeth. 

Out of the multiplicity of saw teeth designed we illus- 
trate herewith a series of teeth which are largely in use in 
this country, and which w^e can strongly recommend for 
efficiency in working and simj)licity in keeping in order. 
We hear of wonderful results accomplished by some 
American teeth of somewhat extraordinary design, but 
the author, being unable to sj^eak of them from absolute 
experience, prefers not to hazard an opinion as to their 
merits, and he must say it would require a great deal of 
argument, or rather ocular demonstration, to convince 
him of the great advantages accruing from the use of 
several of them; take, for instance, one known as the 
" too common saw," in which the teeth are arranged in 
the most irregular manner, and are of all kinds of shapes, 
sizes, and heights. 

Fig. 18 is a form of gullet tooth well adapted for ordi- 
nar}' log and deal frame sawing. This form of tooth is 
very good for both soft and hard wood. When used for 
the latter, as we have before mentioned, the teeth should 
be shorter and with less pitch. It is desirable to have 
several sets of blades toothed and shai'pened to suit 
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woods of diflferent hardnesses, the angles of the teeth for 
soft wood being made more acute, and those for hard 
wood more obtuse in ratio to the varjdng densities of the 
wood. 

The action of reciprocating saws is similar to that of a 




FIG. 18. 

mortise chisel, and should strike the wood at one angle, 
whilst with circular saws the teeth are cutting the wood 
at a variety of angles at the same time. The sawyer 
should not be anxious to produce fine sawdust, as often 
when this is done the saw is scraping and not cutting 
freely, at the same time more power is being consumed. 
The saw dust from a mill saw which is cutting sweetly 
should be like extremely minute chips from a mortise 
chisel. 

Fig. 19 represents a form of peg tooth for mill-saw 
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webs, suitable for deal and soft wood sawing ; these are 
often made with square gullets, but we prefer them 
rounded, as they are less liable to crack at the root. 
Formerly the old hand saw tooth was largely used in mill 
saws, but is rapidly giving way to other forms ; one of its 
chief objections is that when it is set a sharp comer is 
presented to the wood, which rapidly wears away, and the 
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teeth then scrape instead of cut. The throat space of 
saw teeth should be varied according to the depth of the 
wood being cut, as it will be seen at a glance that teeth 
with a sufficient throat space to allow the sawdust to 
escape freely in sawing, say 11 in. deej), would probably 
become jammed in sawing double the depth. 

Fig. 20 represents a capital form of mill saw tooth for 
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circular sawing in either soft or hard wood ; it is easily 
kept in order, and has ample throat space for the clear- 
ance of sawdust, and the author can recommend that and 
fig. 21 as being the best forms of teeth, for " all round 
work," with which he is acquainted. Fig. 21 is a gullet 
tooth, and one that can be recommended for all kinds of 
circular sawing ; the angle shown in the sketch will be 




FIG. 21. 

found suitable for all kinds of wood of medium hardness, 
whilst for sawing oak and other very hard woods the 
teeth need only be set more upright, and in some cases 
increased in number. This tooth, having a wide base, is 
very strong, stands well to its work, and is much less 
likely to bend or break than most other forms. 

Fig. 22 represents perhaps the best form of tooth for 
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cross-cutting by means of a circular saw. It is known as 
the dog tooth, and is a near neighbour to the fleam or 
lancet tooths It is placed perfectly upright, and is easily 
kept in order. The points and spaces should be the 
same angle, i.e., 60°. As we elsewhere remark, to do the 
most satisfactory work with this or any other cross-cut 




FIG. 22. 

saw, the speed of the saw should be greater than when 
ripping. 

Fig. 23 shows an American M tooth, especially adapted 
for straight saws for cross-cutting either by hand or 
power. It is extremely rapid in its action. The bevel 
of the middle tooth regulates the extent of the cut, and 




FIG. 23. 

the more this tooth is bevelled the faster the saw cuts, 
but the more power it requires to drive it. The squarer 
the bevel of the tooth is made the slower the saw cuts, 
and less power is required in proportion to work it. The 
outer teeth of each section are sharpened and cut after 
the manner of a rip saw. The work turned out by this 
saw is cleaner than by most other cross-cut saws with 
which we are acquainted. 

We have refrained from noticing many others of the 
multiplicity of saw teeth ; doubtless there are good ones 
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amongst them, and also many bad ones; amongst the 
latter the author classes those complicated forms of teeth 
that were at one time so much the fashion in America ; 
the action of some of these may perhaps be correct theo- 
retically, but utterly impracticable in use. Almost any 
form of tooth can be driven through wood by sheer force, 
but the points we should try to combine in a saw tooth 
are : 1, a tooth that gives a good quality of output ; 2, a 
tooth requiring small power to drive ; 3, a tooth that is 
rapid in its action and easily kept in order. 

Whatever teeth are chosen, if the}'' are found to spring 
and tremble in work, it may safely be concluded that 
they are unsuited to the work in some way, probably 
either too long, or too hooked, or too thin a gauge. 

As regards the pitch of a ripping saw, it is generally 
concluded that it should not be less than an angle of 60** 
for soft and medium woods, and this may be taken as a 
basis to work from. 
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CHAPTER XIII. 

SAW FILING. 

An immense difference of opinion exists as to the best 
method of filing a saw; the introduction of machine 
sharpening by means of an emery wheel has worked 
quite a revolution in the art of saw filing, but for the 
benefit of those who do not employ a machine a few 
hints may not be out of place. It is, however, almost 
impossible to properly describe the operation in writing, 
at any rate without an elaborate system of drawings. 
The great point to aim at is to file each tooth so that it 
will take its allotted share of the work. To effect this 
the cutting angles of the saw, together with the set, 
should be exactly uniform, so uniform that one authority 
on the subject says, " the true criterion of sharpening 
and setting is the perfection of the angular groove, dis- 
covered by glancing along the tooth edge, and which 
ought to be such as to allow a needle placed in it to 
traverse from end to end of the saw without falling out.*' 
We are afraid, however, this historical needle would very 
soon come to grief in some of the mills we know of, 
where scientific sharpening is the exception and not the 
rule. Before commencing to sharpen a saw, care must 
be taken that it is held firmly, or accurate sharpening 
will be veiy difiScult, and at the same time the saw file 
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will be soon stripped and worn out should there be much 
vibration. For sharpening snws, the files employed are 
triangular, flat, round, and half-round, to suit the various 
angles and shapes of teeth. A saw vice arranged to angle 
for guUeting should be used. For hand filing the port- 




able vice we illustrate heie^vith (fig 24) will be found 
very useful, especially foi outdoor wort, as it can be 
cramped to any board 01 table and set to any desired 
angle. ■ The angling can be secured for mill sawa by 
mounting the vice on quadrant joints, 01 for circular 
saws the vice may be mounted on a ball and socket join*, 
which will allow it to swnel in an^ aiiection The saw 
will be held much steadiei if thin sheets of lead are 
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placed between the jaws. Teeth set towards the operator 
should never be filed at the same time as those set from 
him, but the saw should be reversed. Mr. Grimshaw, in 
his book on Saws, saj^s "the saw file should be held for 
hard woods 90° to 80° horizontally ; for soft woods 70° to 
60°, and less, the vertical angle being half the horizontal 
and less important. First, top the teeth by passing the 
file lengthwise over them, to equalize their length, bear- 
ing hai'der on the ends, where there is least wear. File 
the faces or fronts before the tops. When the teeth are 
to be square file in regular succession 1, 2, 3, 4 ; when 
the file is inclined, so as to give * fleam,' file 1, 3, 5, 9 
to right, 2, 4, 6, 8 to left. In filing a gullet tooth for 
ripping use a pit saw file smaller than the gullet ; first 
make gullets very obliquely in the vertical plane, first 
filing the face of one tooth and the back of the other ; 
then file tops of teeth with flat side of the file, at an 
angle from 5° to 40° with the edge, and 80° to 60° with 
the side of the blade, the 5° to 80° being for the hardest 
and 40° to 60° for the softest woods. File the fi;ont of 
all teeth set from you, and the back of those set towards 
you. Some sawyers recommend going over a saw several 
times to get the keenest and best results. The last teeth 
of hand cross-cut saws should be rounded at the points 
to prevent tearing on entering a cut. Band saw files 
should be used with rounded edges. Never file a circular 
saw to a proud edge, but file on the under side near to an 
edge, bearing lightly." Separate single or double cut files 
are usually employed, but we have lately seen a double- 
ended file with one end cut coarse and the other fine. 
This should be very useful under circumstances where a 
number of files are not readily at hand. 

One of the diflSculties of hand saw filing is to get the 
bevels on each side of the teeth exactly alike, which is 
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especially necessary in peg, fleam, and similar teeth. A 
number of mechanical arrangements to effect this object 
have been tried with more or less success; in the best 
with which we are acquainted, there is a circular casting, 
divided and indexed from its centre each way, giving 
bevels for each side of the saw, or square across. The 
file is fitted into a handle, and is held by a set screw, and 
may be readily turned so as to use any corner of the file. 
The index shows the pitch at which the file is set, and a 
rod passes through holes in the graduated ring, and guides 
the file. The frame upon which the ring is held slides 
in grooves cut on each side of the vice in which the saw 
is fixed ; a table connected with the guide is arranged and 
indexed, so as to give the required bevel and pitch for the 
kind of saw to be filed, and it is only necessary to set the 
ring for the bevel and the indicator for the pitch, and the 
apparatus is ready for use. As the filing is proceeded 
with from tooth to tooth the frame follows, giving the 
same bevel, pitch, and size to each tooth, on one side 
of the saw the same as on the other, thus leaving the 
saw, when finished filing, with the teeth all uniform 
in size, pitch, and bevel, so that each tooth will do its 
share of cutting equally with the others, thus turning out 
more and better quality of work with a less expenditure 
of power. 

As we have elsewhere remarked, no exact rule can be 
laid down as regards filing the bevel on the back edge of 
the tooth, but speaking generally the softer the wood the 
more bevel should be put on the tooth, and the harder it 
is the less bevel. The following points should be borne 
in mind : in straight cross-cut saws the cutting is all 
done by the outside edge of the tooth, and the more 
bevel there is put on the point of the tooth the deeper it 
will cut; care must, however, be taken that it is not 
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made to cut too deep, as, unless there is ample clearance 
for the sawdust, the saw will be found to jam and buckle. 
In cutting different kinds of wood, it is the bevel of the 
point of the tooth which should be varied and which 
governs the cut of the saw. In cross-cut saws the 
cutting edge of the teeth should not be made too inclined, 
or they will be found to drag in the cut. After filing a 
saw, any feather on the cutting edges of the teeth should 
be removed b}' rubbing a whetstone or smooth file over 
them ; this spreads the cut of the tooth, and does not 
confine it to its extreme point. In practice it /will be 
found advantageous to have a tolerable variet}'^ of saws 
for different classes of work, and not to make two or 
three do duty for everything. 

GuLLETiNG Saw Teeth. 

• 

A saw to be shai'pened properly should have the gullets 
of all its teeth sunk to one even depth ; formerly this was 
done by hand, or with a gulleting press, but both of these 
plans have now given way to the saw-sharpening machine, 
in which an emery disc, revolving at a high speed, is used. 
The use of a saw-sharpening machine for gulleting, if 
judiciously handled, is a great improvement over the old- 
fashioned fly or gulleting press, which, in punching out 
deep gullets, often sprung the saw-plate and necessitated 
its being hammered. In America gullets are often cut by 
a milling cutter, arranged with an automatic feed and a 
stop adjustment to regulate the depth of gullet; but, so 
far as we are aware, they are not at present in use in this 
country. In gulleting or sharpening with an emery wheel, 
it will be found best to have it mounted on a small steel 
spindle running in centres, and fitted in a counter- 
balanced swinging carriage ; this carriage can be brought 
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<iown to the saw by hand, and by means of a quadrant 
-can be set to any desh'ed angle. An arrangement regu- 
lating the depth of gullet and space of teeth should also 
be fitted. The vice holding the saw should have both a 
lateral and transverse motion. A set, consisting of 
round, square, and bevelled-edged emery discs, should 
be emplo3'^ed; the grit of these should be of dif- 
ferent degrees of fineness. As regards speed, we have 
found a rate of from 4,500 to 5,000 ft. per minute at the 
periphery of the disc very suitable. As discs are occa- 
sionally unsound in texture, a guard, to prevent acci- 
dents, should in all cases be fitted. The use of the 
^mery discs for gulleting or sharpening saws has in some 
quarters been condemned. This has chiefly arisen from 
the discs being improperly used, and the saw teeth made 
too hard, or burnt by being pressed too hard by the 
revolving emery disc. To shai^ien a saw properly, the 
touch of the emery disc should be light ; and should it 
be necessary to remove much steel, as is the case if the 
teeth have been allowed to get stumpy, instead of forcing 
the wheel as hard as possible on to the saw-plate, making 
it become blue or red from the heat, and thus destro3'ing 
the nature of the steel and rendering the saw liable to 
<5rack or the teeth to break off w^hen in work, the opera- 
tion of gulleting should be repeated lightly several times. 
The emery disc itself also often becomes glazed, and 
refuses to cut without great pressure, or imtil its face is 
dressed or roughened. If a deep gullet is required, a 
moderately coarse grit wheel should be employed, and it 
-will be found a great saving of time to have a set of 
-emery discs already mounted on steel spindles, so that 
they ma}'^ be readily slipped in and out of the machine, 
as the shape of the teeth or the nature of the operation 
may require. For topping and finishing the teeth a fine 
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grit emery wheel should be used. A vitrified emery disc 
is being used with success. In this disc the material by 
which the gndns of emery are united in a solid mass is 
isomewhat softer than the emerv, and allows the worn-out 
particles of emery to break away and new ones to present 
themselves. A tolerably deep gullet will be foimd ad- 
vantageous in working, but if too deep the teeth will be 
weakened at their base and not stand to their work. 
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CHAPTER XIV. 

SETTING SAWS. 

A VERY importaQt point in the successful working of 
«aw8 is their proper and uniforai setting. This is often 
<lone by rule of thumb, a Tery stupid and wasteful plan ; 
in all cases a gauge should be used. The usual practice 
of setting is to bend by means of a saw-set the teeth 
alternately to tlie light and left. If cai'efuUy done the 




author prefers the plan of setting by means of a blow 
given by a hammer or crotch punch, as the teeth stand to 
their work better and requii'e less frequent setting, it being 
found, especially with thin gauge saws, that the teeth 
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have a constant tendency to assume their original posi- 
tion; this is, however, more especially the case with 
spring-set saws. In setting mth a hammer or punch, a 
series of smart, light hlows in preference to one heavy 
one should he given, and the teeth should he cuiTe-set, 
and not to a sharp angle, and be a little coarser than iti 
absolutely required in work. 

For bending or spring-setting saws equally and to one 
exact line we can recommend the contrivance we illustrate 
herewith (fig. 26). This set (Mon-ill's patent) is adapted for 
setting either cii'cular, mill saws, hand or band saws, and 
should a saw be foimd to bind at any particular pointy 
the teeth can with this contiivance be set into line and 
any excessive friction reduced. When once the instru- 
ment is fixed, it is impossible to overset a tooth. Its 




FIG. 26. — PATENT SAW-SET. 

operation will be readily understood from the accompany- 
ing diagram and directions for use : — 

Directions for using, — Hold the saw as seen in the diagram, the saw 
and set level, with the teeth upwards ; adjust the die B, by means of the 
screw A, in the end of the set, so as to have the angle on the die B come 
near the base of the tooth, on a fine saw. On a coarse saw, have the 
angle of the die strike the tooth about two-thirds down from the point. 
Set the guard E, on the under side of the set forward, to about ^^^in. 
from the die B, then let the set hang loose on the saw. 

When thus held, the space between the tooth and the 
die shows the amount of set you will be giving the saw. 
To increase the set, move the guard E still closer to the 
die. To decrease the set, move the guard back. 
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In practice it will be found that a saw perfectly set will 
work much freer, cut smoother, and altogether do better 
work than an imperfectly set one, at the same time it will 
waste less wood, as less set is required on a truly and 
equally set saw. In working it is found that the teeth 
of a saw wear at the side of the points, and if some teeth 
have more set than others these are strained unduly and 
rapidly worn away, and from the severe and uneven fric- 
tion are often heated and are inclined to buckle and run 
from the line. In using spring set it is necessary to 
somewhat overset the saw to compensate for the tendency 
of the teeth, especially when worn and dull, to spring 
back to theii* original position. The importance of even 
setting is quite as great when the teeth are set or spread 
by a blow, and if well done this form of setting will be 
found to stand considerably more work than spring 
setting. In setting circulai* saws with a blow the best 
plan we are acquainted with is to fit the saw horizontally 
on a stud arranged in a wooden frame having a transverse 
movement. A small steel anvil with a bevelled face 
should be placed at one end of the frame, and the saw 
traversed backwards or foi'wards for the teeth to overlap 
the anvil centre the distance of the set required. In set- 
ting saws especial cai^e must be taken that the teeth only 
are set say about one-third of their depth, and that the 
plate itself is not strained, or it will be found to heat 
rapidly when in work, and run out of truth. It was 
formerly the practice in setting saws to bend alternately 
some half dozen teeth to the right and left hand ; this 
plan, however, has been done away with in favour of 
setting single teeth alternately, as an irregular, ridgy cut 
was produced. We need hardly say that in setting saws 
the operator should exercise his judgment as to the 
amount of set required to suit different kinds or condi- 
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tions of wood, as it is both useless and wasteful to give 
a saw more set tliao is absolutely uecessaiy. 

Saws set by the blow of a hammer or punch ai-e apt to 
be mtore irregular than spring-set saws; the operation 
should therefore be veiy carefully done. Clearance is 
often obtained for a saw by jumping or widening the 
points of the teeth by means 
of a crotch punch an-anged 
with two elastic V notches 
(see fig. 27), which are driven 
on to the points of the 
teeth ; the second notch, 
. being rounded, spreads the 
teeth points out: we think 
this plan, especially for cii-cu- 
lar saws of stout gauge, has 
much to commend it, as it 
condenses the metal some- 
what, and the points of the 
saw are strengthened and 
supported by the bend of the 
arch formed by the crotch 
punch : it is, however, some- 
what more difficult to secure 
perfect uniformity of the 
teeth, so important a con- 
sideration in any kind of setting. In setting teeth 
with a hammer or punch the teeth should be constantly 
ti-ied with a gauge or straight-edge, so that all tlie teeth 
should be exactly in line ; if this is not so, the advan- 
tages derived from these methods of setting will in 
a gi^eat measure be nullified. We have seen saws working 
with part of the teeth spread set and part spring set, hut 
the difficulty of keeping these exactly uniform neutralises 
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any advantages the i)lan may possess. Our illustration 
(fig. 28) represents a very useful form of tooth for 
vertical or mill-web saws ; B shows the method of set- 
ting or upsetting the teeth alternately with a crotch 
punch instead of spiing setting ; C shows the chisel-like 
action of the saw's teeth on the wood, and the angle st 
which the chip or saw-dust is cut. 

For saws over 8 ft. in diameter the author is much in 
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favour of setting the teeth by spreading or widening them 
at the points with a crotch punch, instead of spring or 
other setting, and they will, if thua treated, he thinks, 
stand better to their work, as stout teeth are much less 
strained by this plan than by any other with which he is 
acquainted. 

In concluding our notes on saw setting it may be 
interesting to note that the art of setting was evidently 
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known and practised some two thousand years ago at 
least, as Pliny, writing a.d. 79, says, ** Green wood fills 
the intervals between the teeth of the saw with sawdust, 
rendering its edge uniform and inert ; it is for this reason 
that the teeth are made to project right and left in turns, 
so that the sawdust is discharged." 



Gauges of Saws. 

To work successfully it is important that the gauges of 
the saws are suitable to the work to be performed, not so 
thick as to waste unnecessarily power or wood, or so thin 
as to give constant trouble to keep in order. Straight or 
mill-saw webs used in machines with a reciprocating 
motion can be worked of a much thinner gauge than 
circular saws for cutting the same depth of wood. For 
ordinary purposes the following gauges will be found 
suitable : — 

Saws up to 3 ft. 6 in. long, 15 gauge ; saws 4 ft. long, 15 
gauge full; saws from 4ft. to 5ft. 6 in. long, 14 gauge; 
saws 6 ft. long, 14 gauge full ; saws from 6 ft. 6 in. to 7 ft. 
long, 13 gauge ; saws of less than 15 gauge, unless for 
light, easy work, the author does not recommend. 

For all ordinary purposes of circular sawing the gauges 
given herewith will be found suitable, but for special pur- 
poses, or special kinds of wood, they can be increased or 
decreased as experience directs : 
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Diameter of 




Diameter of 




. Circular Saw 


B. W. Gauge. 


Circular Saw 


D. W. Gauge. 


in Inches. 




in Inches. 




12 


17 


50 


8 


14 


17 1. 


52 


8 


16 


16 


54 


7 


18 


15 


56 


7 


20 


14 


58 


6 


22 


14 1. 


60 


(> 


24 


13 


62 


6 


26 


13 


64 


6f. 


28 


12 


66 


6f. 


30 


12 


68 


5 c. 


32 


12 


70 


5 


34 


12 t. 


72 


5 


36 


11 


74 


5 


38 


11 


76 


5 


40 


lit. 


78 


5 


42 


10 c. 


80 


5f. 


44 


10 


82 


5f. 


46 


9 c. 


84 


5f. 


48 


9 







T, signifies tight, e, easy, f , full. 



Saws Running Out of Truth. 

The author has on several occasions had correspondents 
write to ask, Why do my saws run out of truth ? This, in 
any specific case, is a question more readily asked than 
answered, as the reasons for saws ninning are many, and 
what may cause a saw to run in one case may be entirely 
absent in another, and can only be decided with any 
degree of ceii;ainty by a close inspection of the saws and 
machine in work, and even then it is sometimes difficult 
to immediately detect the true reason. The piinciples 
involved in cutting timber with saws, and the art of saw 
filing, are highly scientific questions, which deseiTe, but 
do not obtain, the close attention and study of all those 
interested in the conversion of wood, and I think we 
should look for information quite as much to saw-mill 
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owners, who ai-e the users, as to engineers, who simply 
design and make the machines. From m}'^ experience of 
saw-mills, I must say the majority of owners appear to 
pay compai'atively little attention to the proper form of 
tooth and condition of saws employed, and are satisfied if 
they will tmn out work after a fashion, the result being a 
considerable loss in the amount of i^ower and reduction in 
output, and inferior quality of work. 

There are many reasons why saws rmi out of truth. 
We may mention the following : — 1, saws of too thin a 
gauge for the work ; 2, uTegular setting or improper form 
of tooth emj)loyed ; 8, insufficiency of clearance for saw- 
dust; 4, too rapid a feed, which will cause saws to 
buckle ; 5, a saw blade of too mild a temper ; 6, wrong 
amount of ** lead " or " rake *' on the saw ; 7, saw not 
strung tight enough; 8, saw (cii-cular) not compensated 
or distorted enough when cold to run true when warm ; 9, 
saw teeth allowed to get out of space ; 10, saw running at 
too gi-eat a speed. Much also depends on the kind of 
timber being sawn, and if the teeth and gauge of the saw 
are suitable for the work, and the teeth evenly and equally 
set. If tliey should be set more to the right hand than 
the left they will, of course, run out of truth. 

We have already given some half dozen of the most 
general reasons for saws running out of truth. These, 
however, may be readily added to. One of the points 
rarely considered is the clearance necessary for the saw- 
dust ; for instance, the same sets of saws are often used 
for cutting either, say, 9 in. or 22 in. in depth. Now, the 
clearance of the saw teeth may be just sufficient to carry 
away the sawdust in cutting 9 in., ittherefore follows that the 
same clearance is quite unequal to carry oflf the sawdust 
in 22 in. ; hence excessive friction and consequent buck- 
ing and running out of truth of the saw are the result. 
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It may also be said, the quicker the feed the greater the 
dust Clearance necessary. Again, the form and length of 
the saw teeth, and method of sharpening and setting, are 
points of importance. Care should be taken that the 
length of the teeth is not too great, or they will spring in 
working, and the deeper the teeth the more rapidly they 
wear out. The length of all the teeth should be equal ; 
if not, the longer teeth get all the hard work, and the out- 
put of the saw is lessened by fewer cutting teeth being 
brought into use. In some cases saw teeth are allowed 
to "scrape " instead of cut, or to bend when working, 
from improper sharpening or shape of the teeth. It is 
important that the cutting angles, and tops, and faces of 
the teeth should be bevelled exactly alike. The gullets 
too should be of even depth, as the saw will work with 
much less friction, and consequently with less power, 
than if the sharpening and setting are uneven, and the 
teeth are allowed to get short and stumpy. 

It should always be borne in mind that the thinner the 
gauge of the saw, the more teeth will be required to allow 
of the same amount of feed on the saw, the power will, 
however, be increased in ratio. 

Another frequent cause for saws running out of truth, 
especially with some foims of teeth, is fi'om the teeth 
being allowed to get out of " space " — say the alternate 
spaces getting wider than the others ; the teeth following 
these spaces have thus more work put upon them, and 
being set all one way, say to the right, they naturally pull 
hardest into the wood in that direction, consequently the 
saw runs out of line. 

How often do we find workmen blaming the saws for 
turning out inferior work when they should blame them- 
selves for unscientific handling, and insufficient knowledge 
of the points embodied in perfectly sharpening and adjust- 
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ing their saws to suit exactly to the work in hand. This 
blaming of 3^our tools always reminds me of the man 
who, from improper shai'pening and setting, could not get 
his hand cross-cut to work properly, and addressed it, so 
sa3'S the faithful historian, in the following manner : — 
** Well, of all the saws I ever saw saw, I never saw a saw 
saw like this saw saws." This, however, by the wa}'. 
Although the plan is objectionable in some respects, as 
each sawyer should be quite competent to sharpen his own 
saws, in a mill where a considerable number of saws are 
running, it will pay to have one or more highly skilled 
sharpeners to keep the whole of the saws and tools in a 
state 'as near perfection as }possible, instead of, as in 
many cases where the saws are sharpened haphazard, in a 
good, bad, or indifferent state, generally the two latter. 

Hammering Saws. 

The author does not intend to attempt to teach the 
somewhat difficult feat of hammering a saw, this know- 
ledge can only be gained by experience, and as in 
hammering saws many points must be borne in mind to 
do it successfully, judgment and skill are both required. 
A few remarks as to the modus operandi, however, may 
be acceptable to those who wish to try their hands. In 
the first place, no matter how carefully a saw may be 
made, its tension is generally uneven in places, con- 
sequently more or less hammering is required to equalize 
it. A new circular saw may be perfectly true before being 
worked, but when started to run at a high speed it will 
appear pliant and wavy and run out of truth ; saw manu- 
facturers, therefore, find it necessary to hammer even 
new saws in certain places to compensate for the unequal 
expansion and contraction of the blade^ it being found in 
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I)ractice that the teeth of the saw expand more rapidly 
than the centre of the blade, from the much greater speed 
at which it travels. Occasionally inferior new saws will 
be found to run untrue when first put on the saw spindle ; 
this is often put down to improper sharpening or other 
causes, when the fact is the saw has been imj)roperly or 
insufficiently compensated by hammering to counteract 
the excessive expansion of the teeth or rim of the saw 
when at work. If, however, a saw is given too much 
compensating tension it will be found to heat in the centre 
and buckle. We have elsewhere given some of the many 
reasons for saws " buckling " or nmning out of tiiith; we 
will now give briefly what should be borne in mind when 
hammering a saw, that is, when it is done on scientific 
l^rinciples and not by rule of thumb : — 1, the diameter and 
gauge of saw ; 2, the speed it is to run ; 3, the nature of 
the wood it is to cut ; 4, the shape, pitch, depth of gullet 
of the teeth, and temper of the saw plate ; 5, whether the 
buckling is local or general and what causes it. 

It will thus be seen that we cannot learn to hammer a 
saw properly in a day. 

The tools required for hammering saws are a dog-head 
hammer, blocking hammer, twist hammer, sawmaker's 
anvil and block, and straight-edge. The dog-head 
hammer is about S lbs. in weight, with a rounded face, 
and is employed for removing a tension in the saw ; in 
using it the blow given should be a steady dead one ; to 
secm'e a blow without a rebound, the hammer handle 
should be fixed at an angle of about 80° to the head. The 
blow given should be tolerably hard, but not hard enough 
to deeply dent the blade, or in removing one buckle or 
tension another may be set up. The saw to be hammered 
should be placed perfectly flat on the anvil, with the part 
to be struck properly bedded. If it is desired to remove 
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a tension equally in all dii^ections, a vertical blow from the 
dog-head hammer may be given ; if the tension is in one 
direction particularly, a slanting blow, striking from the 
operator, should be given : this spreads the effects of the 
blow in the direction of the tension. If a saw is buckled 
or dished in one direction, it should be placed with its 
convex face downwards on the anvil, and struck with the 
dog-head hammer in circles all over the plate ; but as 
saws are often buckled in several directions the blows 
must be arranged and varied according to circumstances ; 
hence the difficulty of either doing or describing the 
operation of saw-hammering. The blocking or cross- 
faced hammer is used when it is desired to produce an 
effect in one direction sideways from the line made by the 
face of the hammer in the saw plate. One face of this 
hammer being brought to a rounded edge, tends to raise 
or curl the plate upwards, in a direction parallel to the 
line of blows ; care must therefore be taken that it is not 
used too much or too vigorously. The hammer with a 
twisted face is used when the buckle or tension is irre- 
gular; the straight-edge should be applied frequently 
during the hammering process, the straight saws re- 
peatedly " sighted," so as to observe the inequalities, or 
'* tight '* and *' slack " places in the plate, and when these 
are equalized the hammering should instantly cease, or 
the saw may be stretched and made convex. By varying 
the manner of striking the blow with the cross-faced 
hammer, so are the effects on the saw plate varied, the 
blow taking effect or spreading either to the right or left 
hand, or from or to the operator, as may be desired. 

Our illustration (fig. 29) represents a circular saw 
'* slack " at the point A and ** tight " at the point B, and 
buckled or twisted at the point C. In the case of A and 
B the dog-head hammer should be used, the saw placed 
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at a dead level on the niivil, and stmck as represented by 
tlie small ciicles in the sketch. Where the saw plate in 
slack or lioUi)w, aa at A, the blow being struck round tlie 
slack place, the saw plate ia stretched and the slack place 
is gradually bi-ought up or made true witli the rest of the 
plate. When the plate is tight or concave, as at B., the 




plan of striking should be reversed, the tight i)lace itself 
being struck and stretched. The tight side of the saw 
should be placed face upwards on the anvil. 'When n 
saw is twisted or buckled at the edge, as at C, which 
is frequently the case when allowed to jamb from too 
fast a feed, improper teeth of saw, or when sawing wet 
or frozen timber, tlie blocking or cross-faced hammer 
should be used, the saw being placed on the anvil with 
the buckled side downwards, and struck sliarply, as 
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shown by the line marks at C, which will gi-adiially lift 
or bring the plate up true. When a saw is "waved " or 
"kinked," the waved or hollow side should be placed face 
downwards and the wave brought up true with the block- 
ing hammer ; the foregoing hints apply equa% well to 
straight as to ciixular saws. 
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BAND SAWS. 

Band-saw blades, when in work, are subjected to 
several strains, the chief of wliich is a bending or tor- 
sional one, which in heavy work with sharp ciUTes is 
very severe. In addition to this, the expansion and con- 
traction of the blade, engendered by the friction whilst in 
use, seem in a great measure to 
alter the fibre or granular struc- 
ture of the steel, and the conse- 
quent breakages of the blade — na. 30. 
unless special care is taken and 

provision made — have militated much against the universal 
adoption of this method of sawing. The manufacture of 
band-saw blades has been much improved during recent 
years, so also have the machines, and with a well-made 
machine, blades can now be nm, 
with careful usage, for a consider- 
able period without breakage : the 
result has been the more general 
adoption of this, one of the most 
valuable of wood-working ma- no. 31. 

chines. Band-saw blades are now 
in use up to 6 in. wide ; these are chiefly employed in 

breaking down large timber, and for the heaviest class of 

M 2 
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FIG. 32. 



bevel sawing, such as the curved forms required for ship's 
timbers. 

We give herewith illustrations of the saw teeth we have 
found most suitable for band-saw blades for cutting all 
ordinary classes of wood. Figs. 30 and SI are well 
suited to most woods of the Pinus family, except pitch 

pine : for working this wood w^e 
recommend fig. 82, the teeth of 
which should be coarsely spaced 
and set. In addition to this, owing 
to the clinging properties of the 
resin, a small brush should be 
attached to the machine, and so 
arranged that the saw blade is constantl}'- swept by it; 
an occasional application of grease to the blade is also 
an advantage, as the resin is more readily removed. We 
recommend for dm'ability saws with gullet teeth, that 

is, rounded at the 
root similar to figs. 
81 and 83, as they 
are less Ukely to frac- 
ture in working than 
saws with the roots 
running to an angle, as the fracture in the blade is 
found almost invariably to commence at the point of this 
angle. Owing, however, to small gullet teeth being more 
troublesome to sharpen, the angle teeth are, perhaps, 
more generally employed. For sawing oak, ash, elm, and 
hardwoods generally, fig. 84 will be found very suitable, 
and by setting the teeth farther back the cutting action 
is improved for hardwoods. For heavy sawing and for 
all saws above 2J in. wide we recommend the gullet 
tooth, fig. 33. Although the action of the band-saw, 
like that of the circular saw, is continuous, owing to the 




Fio. 33. 



BAND SAWS. 165 

narrowness of the blade and the small part of it that is in 
use at the same time, the friction and consequent heat-> 
ing of the saw ai-e reduced to a minimum. Unless a saw 
entirely unsuited to the wood being cut is employed, 
what heat is engendered is 
nearly cooled by the rapid 
passage of the saw through 




the air. Owing to the 
thinness of the blade and 
the small area in fi-ic- 
tional contact, the power pio. 34, 

required to drive ia very 

small indeed ; in fact, not more than one-sixth that of a 
circular saw cutting the same depth of wood. It has been 
laid down by one writer that for softwood the tooth apace 
should be one-half and their depth one-fifth the|width of the 
blade, and for hardwood the space one-third and the depth 
one-fifth the width of the blade. Otir experience in wood- 
working, however, shows that it is really impossible to lay 
down any absolute and fixed rule in these matters. It is 
difficult to distinguish by inspection the quality or temper 
of a saw blade. By bending the blade you can in a 
degi'ee judge by its elasticity as to its temper, as, should 
it be too hard, it will probably crack, A blade either 
too hard or too soft is comparatively useless. What is 
required in a band saw is toughness, and a degree of 
hardness combined. Saw blades of too hard a temper, 
where the steel has crystallized, or where the blades have 
been subjected to imperfect or sudden tension, break 
readily. Cai'c should be taken that the gauge, width, 
toothing, sharpening, and setting are uniform throughout. 
In jointing the blade it is important that it is not made 
thicker at the braze, as when in work, should this be the 
case, it will jump and not run true on the saw-wheel. 
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breakages being the result. The expansion and con- 
traction of the saw blade are a fruitful cause of breakage. 
This can, however, be much lessened by having a saw 
suited to the work, not forcing the feed, nor twisting a 
broad saw round sharp corners, keeping the blade 
lubricated and the leathers on the saw wheels true, and 
by slackening the tension of the saw immediatel}'^ after 
finishing work. For sawing hardwood or iron the teeth 
should be made shorter, more upright, and with at least 
one-third more points to the inch. For a clearance for 
the sawdust these blades can with advantage be made to 
taper from the points of the teeth to the back of the saw, 
as they will stand very little setting. 

The teeth of band saws should by preference be set by 
light, carefully-given blows, instead of bending, which, 
unless very carefully performed, is more liable to buckle 
the blades and prevent them running true; in either 
case a gauge should be constantly used to keep all the 
teeth points uniform. Uneven and improper setting 
gives a considerable amount of torsion to the saw blade, 
causing imdue heat and consequent breakage. It is also 
important that the saw teeth are all the same length, and 
are all filed alike, as to do good and clean sawing the 
teeth should all strike the wood at the same angle, and 
should some teeth be longer or at difi'erent angles to the 
others, they either get an undue proportion or no work 
at all, the result being an inferior and lessened output. 
Many of om* remarks with reference to straight and 
circular saws will apply equally well to band saws. 

If in operation a properly sharpened blade is found to 
bind, it probably arises fi'om insufficiency of throat room, 
try a saw with the teeth set further apart ; this will not 
cut quite so fast, but the sawdust will have time to escape 
and the binding of the saw will be done away with. 
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We have found saws of a thin gauge to stand better 
than stout ones ; they will bend easier over the pulleys, 
and ai*e thus less liable to breaks from the arc of contact 
on the saw wheel being too sharp. To avoid breakages 
it is veiy important that the saw blades are not bent 
edgewise in working. Although we are awai'e that they 
ai'e thinner than those usually employed, we can, after 
considerable experience, recommend the follo\\ing thick- 
nesses of saws as the gauges most suitable for sawing 
pine and the softer kinds of wood of the IHnuB family. 
The lengths of the blades are given in feet, and the 
thicknesses by Birmingham wire gauge : — Saws up to 14 ft. 
long, of any width, 22 gauge ; 17 ft. ditto, 21 ; 20 ft. 
ditto, 20 ; 24 ft. ditto, 19 ; 30 ft. ditto, 19 t. or 18 e. 

These figures must not, however, be considered arbi- 
trary, but can be modified according to cii'cumstances. 
The smaller the diameter of the saw wheel, so should 
in ratio tlie gauge of the saw be reduced. For cutting 
the harder and closer-grained woods, such as oak, beech, 
*&c., the thickness of the saw should be increased about 
one gauge. For woods of a wooUy fibre, such as 
English poplar, the teeth of the saw should be deeper 
than usual, and of coarse space and set, to effect a 
clearance and overcome its clinging propeiiies. 

Band saws, being of thin gauge, can be set with 
advantage by mechanical means. The best api^aratus 
with which we are acquainted gives the teeth of the saw 
a light blow similar to that given by a hammer, instead 
of a pressure. The appliance is capable of vertical and 
lateral adjustment, according to the depths and widths 
of teeth and the gauge of saw. The amount of set is 
varied by means of an adjustable steel x)ointer, which is 
bevelled at the bottom to the maximum set. The saw is 
set two teeth at a time, and fed forward by a i)awl and 
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lever adjustable to the pitch of the teeth. The sharpen- 
ing or filing of band-saw teetli hy mechanical means has 
not yet been effected in a simple way, and we are not 
quite sure that any great scojie for inventors exists in 
this direction. It is advisable when working that the 
edge of the saw blade does not bear too heavily on the 
guide arranged to receive the back thrust of the saw, or 
the blade will rapidly crystallize from the friction and 
break. This can in a gi-eat measure be obviated by 
an'anging a second guide beneath tlie table, and by 
judiciously altering the " lead " of the saw by canting 
the top saw wheel. To file and set band saws they ai*e 
best mounted on two adjustable wheels, arranged horizon- 
tally, and the blade kept at a tension, part of the saw passing 
through and being held by a vice, which keei^s the saw 
teeth from being filed too deej) and prevents vibration. 

As regards the strength of band-saw blades the fol- 
owing is the result of a set of tests made on Eiehle 
Brothers' testing machine, at the Philadelphia Exhibi- 
tion, of eight specimens of Perin's band-saw blades : — 



No. 

1 
2 
3 

4 

5 

6 

7 
8 


Thick- 
ness. 


Width. 


Width 
nearest 
to 1/16. 


Breaking ^^'^^^ 




•0346 
•0353 
•0365 

•0337 

•0310 

•0310 
•0335 
•0310 


1-05 
•620 
•745 

1-062 

•625 

•490 
•280 
•094 


in 

\l 


lb. 
7,600 
4,000 
6,000 

3,000 

2,230 

2,000 

2,000 

485 


lb. 
209,193 
82,765 
220,649 

83,823 

111,090 

131,660 
213,210 
166,430 


Broke at the end of 

the joint. 
Broke across centre . 
of the joint. 
Ditto. 1 

t 



I'rom the above, probably most men will prefer to 
draw their own conclusions ; but, inasmuch as the thick- 
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nesses are nearly the same, all the blades being made 
from No. 19 gauge steel, varied onl}' by the grinding and 
smoothing down the joints, to reduce the strength to the 
average for each one-sixteenth in. m width would place 
the matter in shape to render it more readily applicable. 
In this form the strongest unjointed blade was 500 lb. 
for each one-sixteenth, 823 lb. the weakest, and the 
average 446 lb., while through the joints the strongest 
was 250 lb. for each one-sixteenth in width, the weakest 
176 lb., and the average 206 lb. The fact that when a 
band-saw blade is strained to 175 lb. for each one-six- 
teenth in. of its width it is being strained to about the 
limit of its endurance may be knowledge of some value 
to the makers and users of band saws. 

To secure the steady and even working of the saw 
blade it is very important that the jointing or brazing is 
neatly done ; after a little practice, there should, however, 
not be much difficulty about this. 

^The moclits operandi is as follows : — Take each end of 
the blade and file down a taper on the opposite sides of 
the saw of about three teeth points, so that when the 
two ends of the saw are made to overlap each other the 
joint, when cleaned off, wdll be of the same thickness as 
the rest of the blade. Secure the overlapping ends of 
the saw well together by small hand vices, and tie them 
with fine iron wire. Over this bind tightly with brass 
wire the full length of the overlap. Moisten the joint 
with water, and cover it with powdered borax. Either 
take a large pair of tongs and make it red hot, or place 
the saw in a small forge fire made of charcoal, and keep 
it there till the brass is well melted. Let the saw cool 
gradually, and file the joint to the same gauge as the 
rest of the blade, and finish it with emery cloth. If this 
operation is well performed, the joint will be scarcely dis- 
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tioguishable. Care must be taken that when brazed the 
overlapping ends of the saw press well together. 

Our illustration, 
fig. 35, represents an 
improved form of 
forge for brazing 
band-saws ; adjust- 
able weights mount- 
ed on hinges are 
fitted, and are so 
ai'ranged that several 
blades can be brazed 
at one time without 
the constant trouble 
of fixing movable 
weights or vices as 
in other machines. 
The frame of the 
forge is made entire- 
ly of iron and the 
blast is produced by 
the foot. The teeth 
' of band saws for ordi- 
nary sawing sliould 
be speeded to travel 
from about 4,000 to 
5,000 ft. per minute 
on machines with 
wheels of 3 ft. dia- 
meter or less ; with 
saw wheels of larger diameter this speed may be in- 
creased from 500 ft. to 1000 ft. per minute according to 
the nature of the work. 
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CHAPTER XVI. 

CUTTERS. 

Another important factor in the success of wood 
conversion by machinery is the proper construction and 
management of the various cutters employed. The 
action of revolving cutters, such as those used in planing 
and moulding machines, is similar to that of circular 
saws, and like saws the cutting angles for operating on 
soft and hard wood should vary considerably. For 
planing soft wood the bevel of the cutting edge of the 
iron should be more extended than when used for hard 
wood. About 80° to the face of the ii'on is the best 
angle, whilst for hard woods about 40° to 60° is found 
most suitable. They may be worked at more acute 
angles than these, but in working hard woods they are 
more likely to break. 

We prefer cutters made of wrought iron, faced with 
steel, to those made of solid steel, as being easier to 
make and less liable to fracture. We need hardly remark 
that for all kinds of cutters the steel employed should be 
of the very highest quality, combining in its nature, as 
far as possible, toughness with hardness. 

Cross cutting cutters, such as those used in tenoning 
macliines, should be arranged to work diagonally to the 
grain of the wood. An angle of about 15° to the axis is 
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usually suitable for soft wood, as it is found the nearer 
the cutters act with the fibre of the wood, the smoother 
the work. Cutters for tenoning machmes are made by 
some engineers slightly helical ; we think, however, any- 
thing gained in this manner is more than lost in the extra 
trouble of keeping them in order, as well as the increased 
first cost. 

As regards the angle of the cutting edges of turners' 
tools, it is found, for turning soft wood, an angle of about 
25° is the best, as it gives a good cutting edge, and Tvill 
stand to the work. Obtuse angles in turning tools are 
generally a mistake, as they really scrape or abrade 
instead of cut. The angles for a turner s finishing tool, 
which is sharpened on both sides and the face groimd ofl:* 
obliquely, should be about 110° and 70°. 

In making moulding irons, a plan generally pursued, 
but essentially wrong, is to cut the profile of the required 
moulding on the edge of the steel and grind a bevel 
backwards from it, the result being the exact profile of 
the moulding is constantly liable to be altered when 
sharpening. In the place of this the form of the mould- 
ing should always be milled into the face of the cutter 
itself, as it thus, if sharpened to the proper bevel, retains 
its true foiTu. This constant form of profile may be 
secured for vertical spindle moulding machines, no matter 
how badly the cutters are sharpened, by using circular 
cutters. These are made from one piece of steel, in form 
something like a deep saucer. The periphery is shaped 
to the profile of the desired moulding, and has several 
openings, which are sharpened towards the centre, and 
present as many cutting edges to the wood. Their first 
cost, however, is considerably in excess of the ordinary 
form. Fixed cutters for planing machines should be 
fitted with back irons, and the cutting edge arranged at a 
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slightly oblique angle to the wood, as the shock on the 
knife is thus received graduall}'. In establishments 
where a large variety of woods are worked it is advisable 
to have several sets of knives ground to the various bevels 
best suited to the work. 

Much has been written as regards tempering cutting 
tools ; no absolute rules iot wood-working machinery 
can, however, be laid down, it simply resolves itself into 
a matter of practical experience. 

For working soft woods with knives of an acute bevel a 
light straw-colour temper is suitable, whilst for harder 
woods, when the bevel of the knives is made more obtuse^ 
the temper should be made slightly harder in proportion. 

Cutters should always be ground with a double bevel, 
leaving at the cutting edge say about one-eighth of an 
inch to be whetted with a stone to a keen edge by hand ; 
this bevel or angle can also be rapidly altered to suit 
dififerent kinds of wood. Of late, for planing, it has 
become the practice to lessen the diameter of the cutter- 
block or head, and increase the number of irons, thus 
giving, practically speaking, a continuous cut and a better 
quality of work turned out : we have already illustrated 
this improved form of block. 

The question of speed, which has so much to do with 
the successful operation of all wood-working tools, we 
purpose speaking of elsewhere. 

For hardening cutters we can recommend the following 
recipe : — Four parts of powdered yellow resin and two 
parts of train oil carefully mixed, and one part of heated 
tallow added. The object to be hardened is dipped into 
this mixture hot, and allowed to remain in it until it is 
quite cold. 

Without having previousl}'- cleaned it, the steel is 
again i)ut into the fire, and is then cooled in boiled 
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water in the ordinary manner. The edges of tools thus 
hardened wear excellently. 

It is important in tempering any kind of cutters that 
there is a gradual shading of colour in the temper. *If 
there is a distinct line between two colours towards the 
edge of. the cutter, it will probably chip, or break, at this 
line ; the point to aim at is to have the edge of the cutter 
tolerably hard, and this hardness to be gradually reduced 
the farther you go from the cutting edge, and the softer 
metal at the back will be found to strengthen and support 
it. We need hardly say extreme care should be taken in 
tempering cutters. 

For putting a sharp edge on cutters, instead of using 
oil on the stone, a mixture of glycerine and alcohol is 
very well spoken of for its efficacy and cleanliness. 
Recipe — Three parts of glycerine to one of alcohol. 
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CHAPTER XVII. 

MORTISE CHISELS AND BORING BITS. 

In working mortising machines with a reciprocating 
movement, one of the chief difficulties we have to contend 
with is the jamming or bending the chisel, from the diffi- 
culty, in hard, tough woods especially, of removing the 
** core " or " blaze " made by each stroke of the chisel, 
even when a clearance hole has been previously bored in 
the line of mortise. To obviate this a great number of 
self-clearing chisels have been devised. One of the 
simplest and best with which we are acquainted is Wood's 
patent, which we illustrate herewith (fig. 36). This is an 
ordinary double-lipped chisel, but with an important im- 
provement in its construction, the lips of the chisel being 
tapered outwards on the inside from the points upwai*ds, 
thus allowing increased clearance for the core as the 
chisel passes further into the wood. In the ordinary 
double-lipped chisels the lips have hitherto been made 
parallel, the result being the core often became jammed 
and the chisel bent. The solid taper chisel will be found 
to answer tolerably well in soft wood, but requires a 
cleai'ance hole and very careful management in working 
hard woods, the core being afterwards knocked out of the 
mortise with a drift. With the double-lipped chisel we 
have noticed the core passes or is ilrawn from the mortise 
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at each stroke, and the sides of the mortise are left clean. 
In shari)ening this chisel care must be taken that the 
side lips are not touched, and they should always be kept 
at the same angle, and the points at the same projection. 
Whatever kind of chisel is used, it will be found better 
in all cases, except with short mortises in soft wood, to 
bore a clearance hole ; this is best placed at one end of 
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FIG. 36. 



FIG. 38. 



the mortise which can be squared up first. In cutting 
a mortise right through, let the sti'oke of the chisel in the 
first place cut within an inch of the bottom of the wood, 
and, when it is turned over, the chisel should be allowed 
to make its full stroke ; by these means the core is either 
(h'awn out by the chisel or forced thi'ough tlie bottom of 
the moilise. 

For mortising sashes the double chisel (fig. 87) will be 
fomid most useful. This is made wdth two edges, with a 
V shape between them. For punching or moilising blind 
slats, &c., tlie tool sho^vn by fig. 88 is the best ^nth which 
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■we are acquainted; it is airanged so that punches of 
different lengths or widths may be used as desii-ed. 

Chisels should be made of the finest quality of steel 
only, and are best made with a plain taper 
«nd, which should be very carefully fitted 
or ground into the socket. Occasionally 
we find "feathers" fitted on chisels, 
with the idea of keeping them always 
square to their work, hut this plan we do 
not care about, as the feathers are apt to 
get loose or twisted, and the chisel is 
thus thrown out of squai'e with wood. In 
hardening chisels care must be taken 
that they are not made too hard, or they 
will be found, to break short off the first 
hard knot they come to; a temper colour 
oi a deep blue slightly tinged with violet 
will with most steels be found suitable. 

In rotary or slot-mortising machines 
the plain mortising auger or spoon bit is 
largely used. Our illustration (fig. 39) 
shows a twisted or wing cutter, which 
will be found to be an improvement over 
&e old form, as it will cut much cleaner 
and faster, and with less power; it can 
also be readily sharpened. It can he 
forged without much difficulty, and if 
made with a fine quahty of steel will stand y,„ 35 

well to its work. 

Another form of slot-mortising auger is used consider- 
ably in America, in which the twist is formed into a 
number of chisel-shaped lips, rising irom the edge of the 
twist, and presenting sharp edges in the direction of the 
bore of the auger, so that tlie wood is cut laterally if 




SAW-MTLLS. 

traversed against it. This bit is very rapid 
in its action, but is much more difBcult to 
make and keep in order than tlie one we 
haie sketched. 

For boring purposes a considerable variety 
of bits or augers are in use : for working by 
steam we have found nothing so good as the 
modified form of American screw auger, 
shoi^Ti m our sketches (figs. 40 and 41). 
It IS extremely rapid and clean cutting, but 
should be carefully used, and not forced or 
choked or it will be found somewhat liable 
to tn ist or bend, and if this occurs it is very 
difficult to set right again. "With woods 
that are very fibrous and clinging, and there- 
fore difficult to discharge from the auger, 
it can with advantage be made with an in- 
creased twist as it recedes from the point; 
tlie area of dischai'ge for the chips is thus 
increased as they ascend, and they ai-e more 
readilj' got rid of. 

Whilst speaking of augers it may not be 
out of place to illustrate (fig. 42) a simple 
form of hollow, auger for forming tenons 
on the end of spokes, chair rounds, table 
legs, &c. This auger 
operates on the outer 
edge of the wood for a 
certain distance, and 
either it or the wood is 
then withdrawn. Stops 
or gauges are usually 
used to regulate this dis- 
tance. A similar form 
of auger can be used 
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with advantage for rounding broom handles, cornice 
pole3, &c. In this case the socket and spindle carrj'ing 
the auger is made hollow, and aa the wood is rounded it 
is passed right through them. 

For boring and reaming out bungholes, &;c., a centre 
bit, fitted with a taper reamer higher up the shank of the 
bit, is perhaps as good a plan as any. The centre bit 
first of all bores the hole, and is followed by the taper 
reamer, which is hollow and 
fitted with a cutting lip on one 
side. The chips pass into the 
centre of the reamer, which is 
closed at the bottom, but open 
at the top. An adjustable gauge 
and index to determine the size 
of the bore can be fitted on one 
side of the reamer. This foim 
of auger will be found veiy ac- 
curate in use. The common 

type in use for boring bungholes has a volute-shaped 
blade, with n sharpened salient spu-al edge and a gimlet 
point. 

A number of expanding augers for boring holes of 
various diameters have bpen introduced for some pur- 
poses with tolerable success; in one of the best of these 
the cutter is adjustable eccentrically, and is held in posi- 
tion by a dovetail tongue and groove. The cylindrical 
core is made solid, and the centre poiut is made movable. 
The spiral has a sharp edge, and the adjustment of the 
cutter on its radial pivot varies its radial sweep in boiing. 
There are also a number of augers in use for special pur- 
poses, such as annular augers, taper augers, bunghole 
reamers, &c.; but what we have briefly described and 
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illustrated will be found, we think, the best yet introduced 
and all-sufficient for general purposes. 

The feed of either chisels or boring bits is best con- 
trolled by hand, and should be varied according to the 
nature of the wood, the size of the bit, and the depth of 
the hole or mortise. 

Chisels worked by steam may be varied in speed from 
200 revolutions to 450 revolutions per minute, and boring 
and slot-mortising augers from 1,500 to 2,000 revolutions 
per minute, according to the size and nature of the wood 
being operated on. 
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CHAPTER XVIII. 

MANAGEMENT OF BELTS. 

As SO much has been written with regard to the 
management of belts, we shall not extend our notes 
thereon to any very great length. For driving wood-work- 
ing machinery we are in favour of leather in preference to 
other materials ; it should be kept as soft and pliable as 
possible, a matter of very considerable difficulty in a saw- 
mUl, owing to the fine dust flying about and filling up the 
pores of the leather, giving it a tendency to get hard and 
crack. For forest or outdoor sawing a vulcanised india- 
rubber or dressed cotton belt may be used with advantage; 
they are, however, more difficult to repair than leather, 
but cheaper in first cost. Leather should always be used 
for very high speeds, and where more power is required 
we prefer, as a rule, if below 9 in., to increase the width 
of the belt instead of its thickness. In calculating the 
transmission of power by means of belts, a considerable 
margin must be allowed for slip ; especially should the 
centres be short at which the belts are running. For 
transmitting power for high- speeded wood-working ma- 
chinery the belts, owing to their becoming hard and dry, 
should be made about one-fourth wider than is found 
necessary in other kinds of machines running at a slow 
speed. It is also very important that the belts are even 
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in thickness and veiy neatly joined, so that there is no 
jump on the belt whilst running. Twisted belts should 
be avoided as much as possible. Double belts should 
never be run over pulleys less than 24 in. diameter, or 
they will rapidly crack and deteriorate. 

Although it is contrary to general practice in this 
country, we recommend that all belts should be run with 
the smooth or hair side next to the pulley, as it is harder 
and smoother than the flesh side, and by reason of the 
smooth face of the belt and pulley coming into closer 
contact than is the case with the flesh side of the belt, 
which is more or less lumpy, the air is excluded, and the 
belt bears evenly over the whole face of the pulley ; its 
grip and driving power are thus considerably improved, 
and, at the same time, it is less liable to crack on the 
outside. This cracking will be lessened if belts are kept 
pliable, and as a pliable belt will transmit double the 
power of a dry one, the loss occasioned through a belt 
getting dry and hard will at once strike us. An applica- 
tion of tanner's dubbin for leather, and linseed oil varnish 
for cotton driving belts will make them pliable, and 
increase their driving power. Tolerably long belts are 
much preferable to short ones, but care must be taken 
that they are not too long, so that they *' swag " in work- 
ing, or both they, and the bearings of the machine being 
driven, will suffer. Tight belts should be avoided ; if 
more driving power is required increase the width of the 
belt. Belts should be kept free from moisture. A belt 
should not run faster than 30 ft. per second, nor have 
tension of above 300 lbs. per square inch of section. 
Wherever possible, the machinery should be so planned 
that the belts never have to run in a vertical line ; the 
direction of the belt motion should be from the top of the 
driving to the top of the driven pulley. 
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The driving power of a belt may be increased by 
increasing the tension, but beyond a certain point, as we 
have before remarked, excessive tension is in every way 
injurious, and we have even known cases of belt rivets 
and fasteners being torn from their places from belts 
being overstretched. At the same time the surface 
contact, and therefore driving power, is reduced by their 
becoming narrower and twisted. If the adhesion is in- 
sufficient, use wider belts or larger pulleys. It is a mis- 
take to use cheap, spongy leather belts ; they will never 
run true, and rapidly become twisted and irregular in 
shape : for driving wood-working machinery the best 
leather is always the cheapest. If it is absolutely neces- 
sary to run at short centres, and the slip is excessive, 
have the pulleys covered with leather or several thick- 
nesses of brown paper. Avoid the use of resin and 
other mixtures sold to increase the grip of the belt, as in 
most, if not all cases, they act injuriously on the leather. 
A mixture of mutton fat and beeswax in equal parts will 
be found a capital dressing, and will not injure the belt. 
Leather belting should not be used too new. Indiarubber 
belts are deteriorated by coming in contact with oils, 
especially mineral oils. 

As regards joining belts, several good fasteners for belt 
joints are now made, but care should be taken that the 
one selected allows the belt to bend freely round the 
smallest-sized pulleys. Although it is somewhat more 
troublesome, many users stick to the old-fashioned plan 
of lacing. In lacing a belt, the lace holes should be made 
oval, and it is best to commence in the centre of the belt 
and lace outwards ; the ends left to tie should, of course, 
be on the outside of the belt. We give a sketch (fig. 43) 
of the best plan of lacing belts with which we are 
acquainted. It will be seen from the sketch there is no 



184 SAW-MILLS. 

crossing of the lacing on either side. The lace holes 
should be oval, and not placed opposite each other ; the 
lace should be tied in the centre of the belt and on the 
outside : this plan combines as far as possible strength 
with smoothness of working. Riveted joints should not 
be used to run over small pulleys. For joining double 
belts steel plates and screws are perhaps the best method. 




The following directions for jointing may be of semce 
to those who prefer to use cemented joints in their 
belting : — 

Pare or plane the two ends to an equal and conespond- 
ing bevel, so that the tliicknesa of the lapped joint will be 
uniform with that of the belt. 

The following table will give an idea of suitable lap for 
various sized belts : — 



Width of belt in in. 
Amount of lap in in. 



A. 



Easp well the bevelled ends, thus levelling the in- 
equalities left from paring, and rendering the surfaces 
susceptible of being intimately united. Stir up the 
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cement, and spread it quickly over the two ends — ^which 
should not be greasy— with a thick brush; then place 
the ends together and clamx) them, or screw them up in a 
vice, between two well-warmed plates — zinc about -^ in. 
thick answers well — ^let them remain imtil the cement 
pressed out from between the joint has grown cold, which 
will be in about twenty minutes or less, when the belt 
will be rpady to work, but it should by preference be left 
for an hour or two to get thoroughly dry. 

For cementing belts we have recently had our attention 
drawn to a somewhat remarkable cement known as 
** Dermatine." It has been some years in use in Austria, 
but has only recently been introduced into this country. 
We believe its basis consists of animal matters, the com- 
position of which assimilates to leather, and when applied 
the tensile strength of the cemented joints is equal to 
that of the other leather. It dries almost instantaneously, 
but remains elastic in its nature, thus allowing the joints 
to be as pliable as the other poiiions of the band. 

Castor oil, besides being an excellent dressing for 
leather, renders it vermin-proof. It should be mixed, 
say half and half, with tallow or oil. Pyroligneous acid 
may be used with success in preserving leather from the 
attacks of mould, and is serviceable in recovering it by 
passing it over the belt, first removing the mouldy spots 
by the application of a dry cloth. 

Considerable trouble is often found in stretching or 
tightening large belts on to their pulleys, and when they 
are taken up in the ordinary wa}*^ the belts themselves are 
sometimes damaged where the dangerous practice of 
forcing them on to pulleys by hand is in vogue. To 
obviate this, and to tighten wide belts in their places, we 
illustrate a little apparatus herewith (fig. 44). As regards 
the tightening of belts, if they are sti-etched until their 



SAW-MILLS. 




elasticity is des- 
troyed, they are 
more than half-bro- 
ken ; great care 
should therefore be 
exercised. A safe 
rale is, in putting on 
new belts, to draw 
them up 1 in. for 
each 6 it. of their 
leiigtli, and in tak- 
ing them up for the 
fii-st time, 1 in. for 
each 10 ft.; the 
second time, 1 in. 
for each 20 ft. ; and 
so on. 

The relation which 
exists between the 
horse -power trans- 
mitted, and the 
width and velocity 
of the belt which 
transmits it, is, says 
'ih&I'ractical Ameri- 
can, based on the 
following rule : — 

Fur JlubJier JiulU— 
The proiiuct of the speed 
of ft l)clt in feet per 
minute withita width in 
inches is equal to 400 
times the horse-power 
transmitted. 

F,.i- Leather Hell'.— 
The product of the epced 



MANAGEMENT OF BELTS, 187 

of a belt in feet per minute with its width in inches is equal to 500 
times the horse-power transmitted. 

From these- rules we may calculate: 1st, the horse- 
power which a belt of given width and velocity can trans- 
mit ; 2nd, the velocity with which a given belt has to be 
run in order to produce a given horse-power ; and 3rd, 
the width necessary for a belt in order to transmit a given 
horse-power with the speed it is running the pulleys. 

First Rule. — Multiply the speed of the belt in feet per minute with 
its width in inches, and divide by 400 for rubber and by 500 for leather ; 
the result will give the horse-power. 

Second Rule. — Multiply the horse-power by 400 or 500, and divide by 
the width of the belt in inches, the result will be the velocity in feet 
necessary to transmit the power. 

Tldrd Rule. — Multiply the horse-power by 400 or 600, and divide the 
product by the velocity of the belt in feet ; the quotient will be the 
width in inches required to transmit the power without slipping. 

These rules hold for moderate-sized belts. Very large 
belts need not be so wide, but may be 20 per cent, 
narrower than medium-sized ones, while for very narrow 
belts the width must be taken larger by some 20 or 30 per 
cent. We may deduce from this a rule easily remem- 
bered ; it is that for every horse-power it takes one inch 
of belt if it nms at the rate of 400 or 500 ft. per minute, 
and that the horse-power increases in the ratio of this 
velocity. 

Rule foe Calculating the Width op Leathek Belting. — 
Determine the actual horse-power to be transmitted. Multiply by 
33,000, and divide by velocity of belt in feet per minute, and you receive 
the strain on the belt. For instance, if the horse-power be 76, and the 
velocity be 2,500 ft. per minute, then is the 

75 X 33,000 = 2,475,000 -j- 2,500 = 990. 

The actual strain of the belt is, however, entirely depending upon the 
proportion of that part of the driving pulley which is embraced by the 
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belt to the whole circumference — it becomes less the more it is em- 
braced. See figures 1, 2, 3, 4. 
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Multiply the above strain with one of these numbers and add the 
result to it, and you receive the actual strain on the belt ; thus taking 
figure 2, you have 

990 X I = 866 
990 + 866 = 1,856 

For finding the required width of belting allow for each inch a strain 
of 551bs., therefore divide the whole strain of 1,856 by 55, and you have 
the full width of belting, 

1,856 4- 55 = 33-74 in. 

Double belts are \ stronger than single ones. 

. The American Method. — Multiply horse-power by 7,000 and divide by 
the length of strap that clips the smaller pulley, and again divide this 
product by speed of belt in feet per min. 

Example, — Required width of belt to drive 75 horse-power, velocity of 
belt 3,000 ft. per min., and the belt clipping the smaller pulley, which 
we will suppose to be 8ft, diameter clipping 11 ft. 



75 

7,000 

525,000 


3,000)47,727(1 5A, say 16 in. 
3,000 

17,727 
15,000 

2,727 

=& 


47,727 



3,000 

Rule. — To find the horse-power that any given width of double leather 
belt is easily capable of driving, multiply the number of square inches 
covered by the belt on the driving pulley by one-half the speed in feet 
per minute through which the belt moves, and divide the result by 
33,000. 

Mule.^ To find the proper width of belt for any given horse-power, 
multiply 33,000 by the horse-power required, and divide the product 
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first by the length in inches covered by the belt on the driven pulley, 
and again by one-half the speed of the belt. 

Another rule is to multiply 33,000 by the horse-power required, and 
divide the product first by the length in inches covered by the belt and 
again by its speed. 

Rules laid down by some engineers make the diameter 
of the smallest pulley a direct factor of the force which 
should be transmitted. Others, based on somewhat 
similar views, make the length of belt in contact with the 
pulley such a factor — thus : Let an open belt run upon 
two pulleys, each 2 ft. in diameter. Let a similar belt 
run upon two pulleys, each 4 ft. in diameter. Then, by 
either of these rules, the latter belt should transmit twice 
as great a force as the former. Facts are entirely at 
variance with such a conclusion. Others make the force 
transmitted directly as the arc of contact, or proportion 
of the circumference of the pulley enveloped by the belt. 
These recognise the fact that the angular extent of the 
contact determines the adhesion, and thus far tends in 
the right direction. Three forces are principally con- 
cemed in transmission by a belt :- 

First, its tension on the driving side. 

Secondly, its tension on the slack side. 

Thirdly, its adhesion to the pulleys. 

The difference between the first and second is the net 
force transmitted, and cannot exceed the third. 

It is necessary first to inquire what tension can be 
continously applied to the driving side without injury. 
The question will then stand : What other, and less ten- 
sion applied to the slack side will produce an adhesion 
at least equal to the difference between the two ten- 
sions ? 

The subject has been investigated mathematically by 
Rankine, and experimentally by Morin and others. A 



IQO 



SA W'MILLS, 



paper contributed to the Journal of tlie Franklin Institute^ 
by Mr Robert Briggs, gives the result of some investiga- 
tions made by himself and Mr H. R. Towne, and is of 
great practical interest. The same paper is also pub- 
lished in Mr. J. H. Cooper's " Use of Belting." 

The greater or driving tensions were taken at about 
671b. per inch wide, or one-third of the ascertained break- 
ing strength of the laced joinings of single leather belts, 
and the co-efficient of useful friction at six-tenths of that 
established for sliding friction. By their own experi- 
ments, as well as those of Morin, it was found that, with 
equal arcs of contact, the adhesion did not materially 
differ on pulleys of 12, 24, or 42 inches diameter. Their 
experiments, as well as a number of practical examples 
cited, confiim their theoretical conclusions. The results 
are summarised in the following table, which gives, for 
arcs of contact from one-quarter to three-quarters of the 
circumference, the net force which should be transmitted 
for each inch in width of single leather belt : — 



Arc of 


Lbs.^ 


1 

! Arc of 


Lbs. 


contact. 


per inch. 


i contact. 


per inch. 


90° 


32-33 


150° 


44-64 


100° 


34-80 


180° 


49-01 


• 110° 


37-07 


210° 


52-52 


120° 


39-18 


240° 


55-33 


135° 


42-06 


270° 


57-58 



This coincides well with what has been considered 
good practice by many who have relied on a force of 
about 501b. per inch with a contact of 180°, increasing or 
diminishing with the arc, but more from judgment than 
any definite calculation. 
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For convenience of memory these results may be 
approximated by the use of this simple rule : — 

To one-seventh of the number of degrees of contact 
add 21. The result is the force in pounds per inch wide, 
which should be transmitted. 

The single leather belt, laced, is in such general use 
that its strength must be taken as the basis in the 
arrangement of general machinery. Mr. Towne found 
the strength of riveted belts to be about 80 per cent, 
greater. A few have been known to last a long time, 
under tensions twice as great as those indicated by the 
above table. But tensions one-thu'd greater than those 
of the table are about as high as can be applied to single- 
riveted belts of average quality, without unequal stretch- 
ing and consequent loss of durability. 

There is a lack of reliable information as to belt trans- 
mission with small pulleys and at high speeds, beyond 
the fact that the centrifugal force and imperfect flexibility 
cause loss of adhesion. Any systematic expression of 
the quantity of loss would hardly be possible, but some 
careful and intelligent experiments in that direction 
would be valuable. 

The strength of best oxhide belts, used for belting^ 
has been calculated at about 3,0861bs. per square inch of 
section. This is reduced at a riveted joint to l,7471bs., 
and to 9601bs. at a laced joint. One-third of these figures 
may be considered a safe working tension. As belts, 
however, vary much in thickness, the following table in 
lbs. per inch width of safe working tension may be of 
use : — 

Thickness Working 

of Belt. Tension.' 

^ 60 lbs. 

& 70 „ 

\ 80 „ 
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Thickness Working 

of Belt Tension. 

^ 100 



m ....... AW ,y 

3 
8 



"" 120 „ 



A 1^ „ 

i 160 „ 

^ 180 „ 

I 200 „ 

^ 220 „ 

I 240 „ 

Measuring the Poweb op Belts. — The following is a simple and 
effective device for measuring the power of driving belts, without going 
into any tedious dynamometric calculations. An ordinary two-part 
clamp, with a hook on one plate, is secured to the belt, and to the hook 
is attached a common spring-balance, such as icemen use. The other 
end of this in turn is fastened to the nearest wall or timber that will 
give a direct pulL The engine is then stari:ed, and the reading of the 
spring-balance at the moment the belt slips is the actual resistance or 
tension of the belt on the pulley. This, multiplied by the speed of the 
belt per minute, gives the total foot-pounds transmitted by it for the 
time reckoned This will, it is thought, prove a very useful device for 
parties hiring power, as there cannot be any question of accuracy of 
calculation, any theories of width of belt per horse-power, or any error 
of any kind, because the actual dead pull of the particular belt in 
question under test, with all its perfections or imperfections as they 
actually exist, is given. 

It has been calculated that with leather belting about 
46 square inches of belt contact on the driven pulley are 
necessary to transmit 1 horse-power, 52 square inches for 
india-rubber, and 60 square inches for cotton or woven 
belting. 

Cement fob Leatheb Belting. — Common glue and isinglass, equal 
parts, soaked for ten hours in just enough water to cover them ; bring 
gradually to a boiling heat, and add pure tannin until the whole becomes 
ropy or appears like the white of eggs. Buff off the surfaces to be 
joined, apply this cement warm, and clamp firmly. 

Cement fob Gutta-peecha Dbiving Belts. — Melt two parts o? 
common black pitch to one part gutta-percha. Make ready the two ends 
of belt to be joined ; heat them by holding a red hot iron over them, 
then cover both ends with the hot cement, stick them together, and 
apply a heavy pressure for three or four hours. 
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Wide belts drive better than narrow ones ; loss of power 
is largely increased through belts curling up at the edges. 
New belts do not bed themselves so well on the pulleys as 
when they are older. Belts should never be allowed to 
get gi'easy or glazed over, as their driving power is thus 
lessened. Belts will slip less when running at fast speeds 
than at slow. 

The points to be borne in mind when calculating and 
arranging belting for driving machinery ai'e the follow- 
ing : — (1) Power to be transmitted ; (2) speed per minute ; 
(3) distance from centre to centre, and whether the belt 
runs in a horizontal, inclined, or vertical direction; (4) 
the diameters of the pulleys used ; (5) width and thick- 
ness of belt, and the material of which it is comi)osed ; 
(6) whether the belt is open or crossed, its tension, and 
the arc of its contact ; (7) the general conditions under 
which the belt has to work. 

In conclusion, a belt for driving high-speeded machiner}'* 
should combine, as far as possible, the following points : — 
(1) Uniformit}'^ in thickness and width ; (2) pliability and 
smoothness ; (8) closeness and adhesiveness of gi*ain ; (4) 
made from the backs of carefully selected hides, and be 
well stretched before using; (5) Even joints, and belts of 
sufficient width to ti*ansmit the required power without 
straining the band joint, only should be used. 
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CHAPTEE XIX. 

STRIKING GKAK. 

It is important, to secure the safe and regular working 
of the various machines, that each of them should be 
fitted with striking or belt gear, and the dangerous 
practice of tlu'owing driving belts on or oflf with the hand 
should not in any case be permitted. In planing and 
other large machines which run at a high velocity the 
belt should, in all cases, be passed from the loose to the 
tight pulley very gradually, so that the shock on the 
spindle, belt, and bearings is gradual, and not sudden and 
instantaneous; this can be well secured by making the 
striking gear to work by means of a quick-threaded screw 
and hand wheel, instead of the ordinary lever. For 
machines running at a less velocity than 1,500 revolutions 
per minute this is not necessary; in these cases the 
ordinary shifting lever, gradually pulled over by hand, will 
be sufficient. 

Now that it is generally the practice to fix the main 
shafting and pulleys below the floor-line, the matter of 
striking gear is considerably simplified ; when the direc- 
tion of the driving band is known, it can, with advantage, 
be attached to the machine itself where it is immediately 
under the hand of the operator. In these cases it should 
be made of ii'on, and care should be taken that the edge 
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of the belt is not allowed to rub against the forks of the 
levers, or it will rapidly deteriorate ; this is especially the 
case when cotton or woven belts are used. This can, 
however, in measure be guarded against by making the 
forks to revolve when touched, wherever possible, as this 
will greatly reduce the friction. Where it is not con- 
venient to attach the striking gear directly on to the 
machine, hardwood levers and rods may be used, but the 
loop through which the belt to he shifted runs should 
preferably be made of wrought iron, say 
i in. round. Clutches and friction cones 
for throwing machines in and out of gear 
have now almost entirely given place to 
belts, and in most cases with advantage, 
as the clutch is often found to stick, and 
the cone often gets loose and noisy. 

If overhead shafts are used, either 
permanent striking gear worked by rods 
for throwing on and off, or a portable 
belt-shifter, should be employed ; the 
former is preferable. A sunple belt- 
shifter for throwing on loose belts can 
be made by turning up a disc of hard- j 

wood, say 12 in. diameter by J in. thick ; 
this should be mounted on an iron pin fixed i 
of a wooden rod, of a length to suit the height of the 
shafting: the disc should be allowed to turn freely on 
the pin or pivot, and a second fixed pin, for lifting the 
belt, should be arranged to project from the face of 
the disc, say about 3 in. from the periphery, as shown 
in fig. 45, With this contrivance, there is no need 
of a ladder, or for any handling of the belt, as it can be 
lifted by the projecting pin and passed on to the pulley 
&ce, the workmen standing at the same time on the floor. 




; the end 
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We give (fig. 46) another and more elaborate device for 
belt-sbiAing which has been well tested. It consists of a 
gland, carrying three rolls, one perpendicular to two 
others of a tapering form. The gland is secured by a 
thumb screw to a flat bar bolted to a stick of sufficient 
length to reach from the hands of the operator standing 
on the mill floor to the upper part of an overhead pulley. 
The gland, with its three rolls, swivels on the stud, and 




may be secured in any position by the thumb nut. With 
this device a twisted belt may be easily righted, and belts 
thrown on or off pulleys or cones, even when miming at 
very h^h speeds. 

A ladder resting against the main shaft, with the hand 
used as a shifter, should never be employed, as it is in the 
highest degree dangerous. 

Tension pulleys can occasionally be used with advantage 
for stopping and starting machines ; at the same time, the 
driving power of the belt can be increased or decreased, as 
circumstances may require : the wear on the belt, however. 
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is somewhat increased, and the angles at which belts are 
often run preclude in a great measure their regular adop- 
tion. For in-and-out belts, such as those used for driving 
the cutters of tenoning machines, they are especially useful, 
any desired tension being readily obtainable, and any slack 
made in the belt from stretching can be automatically 
taken up by means of a coimterweight. 
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CHAPTEK XX. 

NOTES ON THE WORKING OF SAWING MACHINES. 

In working any kind of machiner}^ its natiu'al tendency 
is of course, to get out of order, and produce an inferior 
output ; the operator is, or should be, speaking theoreti- 
cally, engaged in one constant struggle to produce from 
the machine the best work it is capable of, and in 
keeping it in the best possible order, and the man who 
does this most successfully must be held to be the most 
valuable to his employer. Owing to the high s^^eed at 
which it operates, and the various and heavy strains to 
which it is constantly subjected, wood-working machinery 
particularly requires the most cai'eful attention to keep it 
and its output at a satisfactory point of excellence. 
Various circumstances detrimental to satisfactory work- 
ing constantly arise in a saw-mill that it is impossible 
always to anticipate or guard against; of these a long 
list, no doubt, could be supplied by the saw-mill owner, 
who alone knows where the shoe pinches. The ch-cum- 
stances which produce break-downs or unsatisfactory 
work being so various, the writer will not pretend to give 
more than a few general hints that should be borne in 
mind in working some of the machines most generally in 
use. The circular saw bench being the most common, 
we will commence with that. We must in all cases pre- 
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suppose each machine of its class to be well designed 
and made, which however, unfortunately, is not always 
the fact. We have elsewhere given some of the general 
reasons for saws running out of truth, a somewhat fruitful 
one being insufficient or improper " packing.** The plan 
generally pursued in this country is to screw pieces of 
wood to the finger plate and below the saw table on either 
side, and running immediately parallel and close to the 
saw, the wood being rebated to allow hemp, gasket, or 
other fibrous material charged with grease, to be i)acked 
in tightly on either side. There is a right and a wrong 
way of doing even this simple operation, and care should 
be taken that the packing is put in evenly and bears uni- 
formly and without undue pressure on both sides of the 
saw. We ourselves generally pursue, and can strongly 
recommend the following simple method of packing. 
Take either two pieces of hoop iron or strips of hard 
wood of the length of the saw from the teeth to the 
eye, and of a width that will reach not quite flush with 
the top of the table, then take some flax or rope yam 
and lap it evenly round the strips from end to end, 
till they are made wide enough to fill the packing 
space and bear evenly, but not tightly, against the whole 
front half of the saw-plate up to the spindle. Instead 
of packing the back half of the saw as some do, we 
take two small discs of leather, and attach them to the 
wooden packing pieces, which are fitted to the frame of 
the bench, so that they bear on either side of the saw at 
the back near the rim or roots of the teeth, and so steady 
and guide it. It is a mistake to use much oil in the 
packing, as this is wasteful and unnecessar3% If our 
readers will tiy this plan, we think they wiU find it a 
decided improvement on the one generally pursued of 
ramming down packing on either side of the saw more or 
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less at hapbazardy as this is at the best uncertain^ as should 
there be more packing at one point than another, or 
shonld it be lumpy, the friction on the saw phite is 
uneven, which will soon cause it to run out of truth. A 
thin gauge saw will often run from a chip or knot of hard 
wood getting into the packing, simple as this may api)ear, 
and should one sawyer have a grudge against another this 
is one of the means he sometimes takes to plague his 
adversary. It is a mistake to think that saws will run 
truer by being packed veiy tight. 

For holding a constant supply of packing and lubri- 
cating matter where much pitch pine and similar resinous 
woods are sawn we have fitted circular saws with adjust- 
able packing boxes with satisfactory results : these are so 
arranged that they can be replenished with grease as 
required, and do away with the wasteful and inefficient 
plan of throwing oil on the saw. A plan now pursued 
considerably on the Continent is to pack the saw with set 
screws ; these are arranged ti*ansversely on either side of 
the saw, and let in to the top of the bench : these screws are 
adjustable to the gauge of the saw, and into the centre of 
each is fitted a piece of hard wood, which, when the 
screws are tightened up, presses against and guides the 
blade. 

It is important that the saw is never over-fed or 
crowded in working. This crowding sometimes occiu's 
from the saw guide or fence being continued too far past 
the front of the saw, and not allowing sufficient room 
for the wood to open out as it leaves the saw. When 
the saw has once entered the cut, if in proper order, it 
will saw straight enough without an extended fence. If 
the fence extends say 4 in. beyond the roots of the teeth 
it should be enough. When sawing heavy timber, 
especially if green, the log should be opened out as it 
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leaves the saw. This is usually done by the sawyer with 
wedges driven into the kerf by hand, and is all very well 
if not neglected, as it often is, thereby causing many a 
saw to jam and buckle. To obviate this we recommend 
the em^Joyment of a revolving opening wedge, fixed 
immediately behind and in the same line as the saw. 
This can be of wrought iron or steel, circular in form, 
and say half an inch thick at its centre, tapered down to 
a blunt edge at its circumference, its diameter being 
regulated by the size of the saw bench. It can either 
be arranged to project through the face of the bench, or 
be mounted on centres at the end of a lever, and 
suspended behind the saw. The wedge as it enters the 
cut is revolved by the friction of the wood, and thus 
relieves the saw from a considerable amount of side 
friction. If preferred, instead of a revolving wedge, a 
fixed steel spreading knife or wedge can be employed ; 
in any case, we certainly recommend something of the 
kind being used, as it relieves the saw considerably^ 
and is always there when wanted, which cannot be said 
of the movable wedges which are driven in by hand. 
The sawyer should be careful that he has a belt of ample 
width, and that it is kept pliable, the joints well made, 
and that it grips the pulley evenly and well, and runs 
straight ; this being so, he will find the bearings of his 
bench last longer and give less trouble by heating, which 
is often communicated to the saw and is one of the causes 
of buckling. Care should be taken that, when the 
bearings are screwed up, it is done judiciously, as a 
fruitful cause of heating is from the saw spindle being 
nipped by the beai'ings when screwed up too tight. 
Should the bearings become abraded they should at once 
be removed from their seat and re-bedded by draw-filing 
and scraping. If the spindle has been allowed to seize, 
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it should be put into a lathe and " timed up ; " unless 
this is done, the bearings will give endless trouble, and 
at the same time consume a large amount of power use- 
lessly. If a bearing become very hot, pour cold water on 
it till cool ; too much care and attention can scarcely be 
given to the bearings of wood-working machinery. For 
heavy saw benches and heavy wood-working machinery 
spindles generally, the best and most lasting lubricant we 
have used is a mixture of powdered plumbago and tallow, 
say 75 per cent, of the former to 25 per cent, of the 
latter. 

If the feed is too rapid, the timber will often rise up 
the back of the saw, and sometimes be thi'own towards 
the sawyer. Very hooked or improperly set teeth will 
also bring about the same thing. The feed should be 
vai'ied according to the nature of the material being 
sawn, but should rarely exceed 40 ft. per minute. For 
sawing hard wood the speed of the feed should not be 
much more than half as fast as that used in sawing soft 
wood; with some hard woods, such as boxwood or cocoa, 
the speed of the saw itself can also be reduced, say about 
one-fourth, with advantage. If the driving pulleys of 
cu'cular saw benches are of too small diameter, or the 
belts too narrow, the bearings will often heat from the 
excess of strain on them ; and this heat being com- 
municated through the saw spindle to the saw, will often 
cause it to buckle. A safe rule is to have the driving 
pulleys not less in diameter than one-third the diameter 
of the saw, and the driving belt of a width equal to the 
diameter of the pulleys. We are aware that this is of 
greater width than is usually given — at any rate in this 
country, but the sizes are being gradually increased with 
a corresponding advantage. 

In working circular saws care should be taken that the 
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saw does not fit too tightly on the spindle, or bind on the 
steady pin, as, should the bearings or spindle become 
warm, the heat is immediately conveyed to the saw-plate, 
causing it to expand, bind on the spindle, and buckle. It 
is of the greatest importance that the saw-coUars them- 
selves are perfectly true, and they should be constantly 
tried with a straight-edge, and any inequalities or lumps 
removed. The saw should hang in a perfectly true per- 
pendicular line, the bearings should be kept in good order, 
and screwed up sufficiently tight that the spindle will run 
without heating ; end play on the saw spindle should be 
avoided. Saws are oftentimes blamed for cutting untrue 
or out of line, when the fault lies with the collars ; the 
side of the saw nearest the wood should be constantly 
tried with a straight-edge, and should it be found to bulge 
in the centre, which is often the case, it will probably 
arise from the saw- collars being out of truth or improperly 
concaved. If the collar attached to the saw spindle is 
perfectly flat, have it removed and slightly concaved, when 
the bulge in the saw-plate will probably disappear. Bear 
in mind that any imperfection in the saw-collars is repro- 
duced many times over — the diameter being much greater 
— in the saw-plate. Inequalities in the saw-coUars may 
be temporarily remedied by introducing one or more 
washers of paper between them and the saw-plate. 

A saw when properly hung should, in the horizontal 
line, incline very slightly towards the timber, so that the 
teeth at the back of the saw may rise without tearing or 
scoring the wood. 

In sawing soft wood, it is a mistake to use saws with an 
excessive number of teeth, as the more the teeth the more 
the power required ; we need hardly say, however, there 
is a point below which the number of teeth cannot be de- 
creased with advantage. For sawing hardwood, however, 



204 S Air 'MILLS. 

the number of saw teeth should be increased to about one- 
third more than for soft wood ; no arbitrary rules can, 
however, be laid down, as the conditions under and the 
materials on which cireidar saws operate are so extremely 
varied that it can only resolve itself into a matter of prac- 
tical experience. For accurately gauging the cut, an 
index can with advantage be marked into the face of the 
bench. Occasionally new saws may become wavy and 
X)liant, and run out of truth, from revolving at too great a 
speed ; this, of coui'se, should be guarded against as far 
as possible : it is, however, liable to occur in a saw bench 
which is used with large and small saws, running at the 
same speed. Occasionally saws will be found to wabble, 
when by steadying them on the side with the deal or piece 
of wood being sawn they will run true again. A skilful 
sawyer can tell by tr3'^ing it with his finger, when running, 
whether and where a saw is " tight " or " loose," or, in 
other words, when it is buckled or out of truth, even if it 
be only sUght. 

In working timber or saw frames one of the most im- 
l)ortant points is to see that the saws are properly and 
fiimly hung in their swing frames ; this is a matter that 
does not always receive the care it deserves, the result 
being buckled saws. Various plans for hanging and 
straining saws mechanically have been introduced, but 
have met with little success. The usual plan in vogue is 
to strain them by means of steel buckles and keys or 
wedges, the keys resting on the top edge of the cross-rail 
of the swing frame. The blades are strained and tight- 
ened by driving up the wedges ; as an enormous strain 
can be put on the saws by these means, amounting to 
several tons per saw, great care should be exercised in 
performing this operation. The only guide or index as to 
when a saw is strained tight enough is a peculiar cry or 
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sound given out by the blade as it becomes tense ; ex- 
perience only can tell by the sound when the right amount 
of tension is secured. 

The top edge of the cross-rail should in all cases be 
faced with steel, as the keys will dig into iron, and con- 
siderable difficulty will after a time be found in fixing 
them true. The packing pieces should be uniform in 
size, and preferably made of lignum- vitse, or other very 
hard wood, and the packing screws should not be screwed 
up tighter than is necessary to keep them firmly in 
position. 

The lead of the saws in the swing frame — i.e., the 
amount of distance the top of the blade should overhang 
the bottom — should always be regulated by the nature of 
the wood being cut, leaving ample room for the escape of 
the sawdust during the back or upward stroke of the saw ; 
from \ in. for hard wood to ^ in. for soft wood is usually 
sufficient : the feed for hard and soft wood should vaiy 
from 1 ft. to 3 ft. per minute. 

The eccentric by which the feed motion is actuated 
should be set so as to bring the wood forward during the 
upward stroke of the saw ; this lessens the chance of the 
saws buckling, from getting choked, and they come into 
the cut with greater freedom. Care should be taken iu 
adjusting the side-pressui*e rollers, and the}' should not 
be weighted too heavily, as the friction of the deal in 
passing through the frame is thus much increased, with- 
out any corresponding advantage. Special care in lubri- 
cating the connecting rod bearings should be taken, as 
there is a considerable amount of friction on these, and, 
if they are once allowed to get hot and seize, they may 
give a considerable amount of trouble. 

The chief difficulty encountered in working band-saw 
machines is the constant breakage of the blades; al- 
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thoucfh this cannot be entirely done away with, it may, by 
careful management, be considerably modified. It can- 
not be denied that many breakages are caused through 
badly designed and constructed machines, saw wheels too 
heavy, improperly balanced, of too small diameter, or 
mounted rigidly, and thus not giving the necessary elastic 
tension to the saw blades, the main frame of the machine 
of too light a section or too high, thus allowing vibration, 
and various other small details which mark the difference 
between a bad machine and good ones. If saw wheels 
are too heavy or the least out of balance, the centrifugal 
force set in motion when they are running, causes a con- 
stant lurching or jumping motion on the wheel which is 
sufficient to break the best saw blades. 

The saw wheels should be as light as possible consis- 
tent with strength. In some machines of modern con- 
struction the wheels are made of wrought iron with 
hollow spokes, the rim of the wheel being slightly chan- 
nelled, and filled in with papier-mache or leather ; this 
arrangement secures extreme lightness combined with 
strength. We prefer to run band-saw wheels without 
flanges on them, as they are apt to heat and twist the 
saw ; the saw can readily be kept true on the wheels, and 
its lead altered by slightly canting the top wheel. 

A very important point in working band saws is to 
secure a constant and even tension on the saw blade ; at 
the same time, the tension should be elastic, and not 
rigid, to allow for the expansion and contraction of the 
blade, as when working, the friction sets up a certain 
amount of heat, which causes the blade to expand, and 
when the machine is at rest, and the blade becomes cool, 
it contracts again. The saw blade should in all cases be 
slackened out after finishing work, so that it may have 
free liberty to contract, which it has not if left tight on 
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the saw wheels, even when a spring or weight arrange- 
ment to allow for expansion or contraction is fitted. 
These precautions will tend to prolong the life of a band 
saw. Should the saw catch in a knot or nail and give a 
jump, if the top saw wheel is mounted rigidly it will 
almost invariably snap, but should it be elastically 
mounted in connection with a spring or weighted lever 
arrangement it will give with the saw, and so save its 
fracture. 

In sawing resinous woods it is necessary to keep the 
blade clean by lubricating it ; this can be done by making 
the saw run through an oil-box guide, one box placed on 
either side of the saw, and one at the back, the sides of 
the boxes nearest the blade being adjustable to the gauge 
of the saw, and drilled with a number of small holes 
through which the oil can percolate ; small hard brushes 
to sweep the saw can also be fitted with advantage. 

Another fruitful cause of the breakage of the blades is 
an improper method of receiving the back thrust of the 
saw. The best way to do this has been the subject of 
considerable discussion ; we ourselves fix a saw guide 
immediately below the table, and another immediately 
above the top of the cut, and fit a revolviug steel disc to 
receive the back thrust to the packing pieces fitted into 
the table. We prefer a revolving disc to a fixed one, as 
the back of the blade does not so readily cut into it. 
When a disc is allowed to get deeply grooved the saw 
blade gets buckled and twisted, and frequently breaks. 
We take it to be a very important point in the true work- 
ing of a band saw that adequate means are taken to guide 
it when it enters and leaves the wood; this can be 
effected by means of adjuctable wooden side guides, and 
for preventing wide saws running from the line when 
sawing heavy timber we have found, in addition to the 
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ordinary guides, side friction rollers placed on a spindle 
vertically, and arranged to guide from the teeth of the 
saw, tolerably efficacious. 

For cutting regulai* fixed curves, such as those in wheel 
felloes, it will be found more exact and expeditious to fit 
a light radial arm to the table than to guide the wood 
tlu'ough the saw by hand. It is a mistake in any kind of 
band-sawing to employ blades of a stout gauge, and we 
think even in verj^ heavy sawing, such as breaking down 
logs, nothing is gained by using veiy wide blades, say 
above 3 J in. wide, to say nothing of their extra first cost 
and expense of their renewal or repair. In breaking 
down logs saw wheels of not less than 5 ft. diameter 
should be employed, and 6 ft. would be better. 
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CHAPTER XXI. 

SPEEDS OF WOOD-WORKING MACHINERY. 

On few points connected with wood conversion is there 
more difference of opinion than as to the question of 
speeds. Year by year the speeds of various machines 
have been increased, till in some cases they have been 
carried to an absurd point. We may as well say here we 
believe in high speeds but not excessive speeds. The 
question will probably be at once asked, What is an 
excessive speed? We take it that an excessive speed 
is that which is above what is necessary, or in other words 
goes beyond a certain limit without giving corresponding 
advantages either in quality or quantity of the output. 
Referring to wood-working machinery in particular, if a 
sawing or planing machine is driven at a very great rate 
of sp^ed, it may or may not give an ii^proved and 
increased output for a time, but if the speed is excessive, 
this is rapidly counterbalanced by the early deterioration 
of the machine and the greater difficulty of keeping it and 
the various cutting instruments in order. We hear of 
some people asserting that so long as a machine will 
stand it, or in other words so long as the working parts 
will hold together, there is no limit to the speed which 
should be put on it. This may be all very well to write or 
theorize about, but in practice it must be held to be 
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arrant nonsense. The problem to solve is, what is the 
best speed for the various wood-working tools to run, to 
give the best results in quality and quantity of output, 
with comparative freedom from breakdowns and conse- 
quent repairs? As the principles, nature of material, 
and circumstances involved in the operations of wood- 
working machines are so many and so diverse, it is 
extremely diflScult, if not impossible, to lay down a fixed 
basis of speeds that may be generally applied. We will, 
however, discuss briefly a few of the machines most 
in use, and the speeds best suited to their require- 
ments. 

Commencing first with circular saws for ripping, for 
sawing soft and medium woods such as pine, a speed of 
about 9,000ft. traverse per minute at the points of the 
teeth is now usually recognized as a standard speed for 
general work. This, however, can in the case of cross- 
cutting be increased with advantage another 1,000ft. per 
minute, and for circular saws we consider this a fair limit, 
and we have yet to be convinced that any speed in ad- 
dition to this serves any useful purpose, or is in any way 
necessary or desirable. It may, however, we think, be 
taken as a fact that most of the circular saws at present 
at work in this country do not come up to this speed. 
But what will our readers think of the statement recently 
made by a yoimg writer on wood-working machinery, that 
in America users sometimes drive at nearly 17,000ft. 
per minute ? It is extraordinary what a lot of wonderful 
things take place in America, but this beats anything in 
wood-cutting the author ever came across, and he would 
much like to see one of these saw benches in operation ; 
he need hardly say the speed thus given is absurd, and 
practically speaking impossible. 

Supposing a circular saw, say 80in, in diameter and 
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12 gauge, be put on a spindle and the speed gradually 
increased till it reaches at the periphery say 12,000ft. or 
13,000ft. per minute, it usually will become wavy and 
pliant, and run untrue ; it therefore follows that not only 
is the extra speed entirely unnecessary, but it is posi- 
tively detrimental, as more power is consumed, and more 
heat engendered in the bearings, spindle, and saw plate : 
extra lubrication is therefore required, and the belts 
deteriorate more rapidly. We should, however, prefer, 
in wood conversion, to err on the side of high speeds 
instead of low, as this necessitates a perfect workmanship 
and finish not always found in these days of so-called 
'* cheap " machiner}'-; but we think the happy medium in 
speed, as in most other things, is the point to aim at. 

In sawing very hard wood the speed of both the saw 
and the feed of the wood should be reduced, the former 
about one-quarter and the latter one-half or even less. 
Most ch'cular saw benches with a self-acting feed are 
arranged so that the feed may be varied from 5ft. to 
60ft. per minute, according to the nature of the wood to 
be operated on. It may be taken as a rule the higher 
the speed at which a saw runs, the fewer teeth are 
required, the cutting action of the saw becoming more 
and more continuous ; and we are inclined to think that 
some of the circular saws made in this country, for 
sawing soft wood especially, contain too many teeth 
thus more power is consumed without a corresponding 
increase in the cutting action of the saw — ^in fact, in some 
cases it is considerably less, as, owing to the number of 
teeth, the throat or dust space is insuflScient to allow of 
the instant escape of the sawdust. For thin sawing with 
a circular saw at high speeds we recommend the use of a 
saw with taper ground flanges. 

Passing next to reciprocating saws, the cutting and 
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feed speed of these must necessarily vary according to 
the size and nature of the wood being sawn and the con- 
struction of the machine in use; thus a saw frame which 
carries two sets of saws which balance each other, or in 
other words where the two cranks on the driving shaft are 
on the same plane in opposite du^ections, and therefore 
the resistance of the cut and the weight of the saws will 
be balanced at ever}^ point of a revolution, can be safely 
nm at a much higher speed than a frame of the ordinary 
^yp^ ; thus an ordinaiy log frame diiven from below to 
cut heavy timber, say 4ft. deep and carr}dng a number of 
saws, should not be driven much beyond 120 strokes per 
minute, whilst a balanced deal frame to cut say up ta 
14in. may be safely run at 800 strokes per minute. The 
speed of frames carrying a single saw, whether arranged 
horizontally or vertically, can with advantage be consider- 
ably increased, and a single-bladed frame to cut a 4ft» 
log can be safely speeded at 160 strokes per minute. Again, 
a small self-contained deal frame may safely be run at a 
higher speed than one that is not self-contained. It will 
thus be seen it is impossible to lay down a basis of speeds- 
for reciprocating saws; we purpose, however, giving a 
table of speeds that we have found suitable to the various 
machines. 

The speed of the feed also must be varied according ta 
the number of saws carried and the nature of the wood 
being sawn. For very hard wood a feed of 6in. per 
minute is suitable, whilst for very soft wood as much as 
SOin. may be cut in the same time ; it is a great mistake, 
however, to force the feed, as the sawdust has not time 
to escape, and the saws become choked and buckled and 
ran out of line. We take it that in all kinds of sawing it 
will be found better and more profitable to do a fair 
amount of sawing thoroughly well than to do an increased 
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amount badly. This is proved by the discount often 
taken off badly-sawn deals, which cost precisely the same 
to send to this country. A great improvement, however, in 
the quality of the sawing has, no doubt, taken place of 
late years. 

Where high speeds are attempted the bearings should 
be of increased length, the various working details very 
accurately finished, and all revolving parts carefully 
balanced. The moving parts should combine strength 
with lightness, as far as possible ; and, unless all these 
points are borne in mind, high speeds will without doubt 
end in disappointment to the users of the machines. 

The speeds of the various machines should be kept as 
equable as possible ; . ample motive power should there- 
fore always be employed. In aiTanging the pulleys for 
runmng any kind of wood-working machiner}^ to obtain 
the correct amount of speed an allowance of about 7 J per 
cent, should be made for slip : this, however, should be 
increased if the belts are run in a vertical line or at shoi*t 
centres. 

Passing next to band saws : in these, as in circular saws, 
the cut is, practicall}'^ speaking, continuous. Owing 
chiefly to the thinness of the gauge, the small area of 
the blade which operates on the wood at one time, and 
the constant cooling action which is going on as the saw 
passes through the air, a comparatively small amount of 
heat is engendered; the saw therefore can be run at a 
considerable speed without detriment. On machines in 
which the saw wheels are of small diameter, say below 
S6in., and where the arc of contact of the saw on the 
wheels is necessaiily more acute, the speed of the saw 
blade should not much exceed 4,500ft. per minute for all 
ordinary kinds of sawing. With saw wheels above SGin* 
diameter this speed may safely be increased up to 6,000ft. 
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per minute ; this is, however, on the supposition that the 
top wheel is of the lightest construction, and mounted 
elastically, t.<?., has a spring or other adjustment to allow 
for the expansion or contraction of the saw blade ; but no 
good machines are now made without this. 

We do not see any advantage in running band saws 
beyond 6,000ft. per minute, as the breakages are in- 
creased without any corresponding gain. As most of the 
work of a band saw is fed by hand, and is sometimes 
intricate, it cannot in any case be advanced through the 
saw at a greatly increased speed. 

In sawing hard woods, the speed of the blade should 
be, but rarely is, reduced ; for sawing veiy hai'd wood or 
ivory one-sixth the ordinary speed will be sufficient ; for 
sawing iion the speed should be about 250ft. per minute. 

In sharpening saws, cutters, &c., by means of emery 
wheels or discs it will be found that the speed at which 
the wheel is run has much to do with its cutting action. 
An emery wheel of good quality should have a grit hard 
and sharp enough to cut almost any material, but the 
coarseness or fineness of the grit should be varied accord- 
ing to the nature of the work in hand. A speed at the 
periphery of fi'om 4,500ft. to 6,000ft. per minute will be 
found suitable for most purposes. The slower speed will 
be found most suitable for small wheels, say up to 12in. 
diameter. Above this size the speed at the periphery 
should be increased in ratio to the diameter of the wheel, 
say 100ft. extra speed for every inch increase in diameter. 
If wheels are run at too slow a speed, their cutting action 
is much impaired, and good wheels have sometimes been 
condemned from this cause, although it must be admitted 
that there are many wheels of inferior quality sold. 
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Table of Speeds (Approximate) for Wood- 
working Machinery. 

Circular saws for ripping soft wood, 9,000ft. per min. at the periphery. 
„ „ hard „ 6,800 

„ cross-cutting soft „ 10,000 
., „ hard „ 7,500 

Mill or Reciprocating Saws, designed to carry not more 
than one Saw per lin. width of Saw or Swing Frame. 



It 


}) 


ii 


)) 


»f 


ft 



To cut logs 


up 


to 4ft. Oin, 


square 


,110 revs, per minute. 






3ft. 6in. 


It 


120 






3ft. Oin. 


It 


125 






2ft. 6in. 


ti 


135 „ 






2ft. Oin. 


tt 


155 






1ft. 6in. 


tt 


180 



Double Equilibrium Deal Sawing Frames {Balanced 

Swing Frames). 

To cut two deals up to 14in. x 5in., 300 revs, per minute. 
„ „ 18in. X 6in., 260 „ 

„ „ 24in. X Tin., 220 „ 



Single Deal Saicing Frames. 

To cut one deal up to llin. x 3in., 260 revs, per minute. 
„ „ 14in. X 4in., 250 „ 

„ „ 18in. X 6in., 215 „ 

If these frames are made self-contained these speeds may be increased 
10 per cent. 



Single-bladed Saw Frames. 



To cut logs 


4ft. Oin. 


square, 


160 revs. 


per minute. 


tt 


3ft. 6in. 


)) 


170 


tt 


tt 


3ft. Oin. 


tt 


185 


tt 


tt 


2ft. 6in. 


tt 


205 


tt 


tt 


2ft. Oin, 


It 


220 


tt 
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Band Saws. 

Band saw blades nmning on wheels up to 3ft. diameter — 

Traverse of Saw-blade 
per minute. 

For sawing soft and medium woods = up to 4,500 feet. 

„ hard „ = „ 3,600 „ 

,, yery hard do., ivory, &c. = „ 760 „ 

„ iron = „ 260 „ 

With saw wheels, above 8ft. diameter, the speed of 
the saw blade maybe gradually advanced as the diameter 
of the wheels increases — say 500ft. traverse per minute 
for every 6in. increase of diameter — up to 6,000ft. per 
minute for soft wood. 

Jigger Saws. 

Jigger saws, to cut 12 in. deep, 800 to 1,000 revs, per minute. 

Planing Machines. 

The cutting edges of planing and moulding irons — 
when two only are employed and arranged on cutter 
blocks, varying in diameter from 4in. to 9in. in 
diameter — should be speeded to travel from 6,000ft. 
to 6,000ft. per minute, with cutter blocks of a larger 
diameter than 9in., this speed may be somewhat in- 
creased, but should never, no matter how large the 
diameter of the cutter blocks, exceed 9,000ft. per 
minute. 

Should the cutter blocks be arranged with three 
knives, as is now done in the most advanced machines, 
the number of revolutions necessary will be about one- 
third less than when only two knives are used, as the 
cut is more continuous, or a quicker feed may be used. 
Vertical spindle shaping and moulding machines may be 
run at the same speeds. 
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Mortising Machines (Reciprocating). 

Heavy machines, for railway wagon work, to mortice up to — 

3in. wide 175 to 275 strokes per minute, 

lin. „ 200 to 300 „ 

lin. „ (movable table) 275 to 400 „ 

Botary Mortising and Boring Machines. 

Mortising bits, for soft wood, 2,000 revs, per minute. 
„ hard „ 1,200 „ 

Tenoning Machines. 

Of cutting edge per minute. 
Heavy machines for railway wagon work, 2,600ft. to 3,600ft. 
Light „ joiners builders* „ 3,000ft. to 4,000ft, 

Emery Wheels. 

For saw sharpening, &c. . • . 4,500ft, to 6,000ft. 

As the various miscellaneous wood-working machines 
are so numerous, and differ so much in construction 
and modes of working, the author does not attempt to 
give a table of speeds for these ; and he wishes it to be 
quite understood that the table already given must not 
be considered arbitrary, but will nevertheless furnish, 
he trusts, a tolerably reliable guide. 



Speeds of Feed (Approximate) for Wood-working 

Machines. 

Circular saw benches, with rope feed, 6ft. to 60ft. per minute. 
„ „ roller „ 30ft. to 76ft. „ 

„ „ rack „ 6ft. to 60ft. „ 

Log-sawing frames, 6in. to 2ft. per minute. 

Deal-sawing frames, 1ft. Oin. to 2ft. 6in. per minute. 
Light do. (chain feed) 1ft. 6in. to 4ft. Oin. „ 

Single-bladed sawing frames, 1ft* to 3ft. 6in. per minute. 

Band-sawing machine (self-acting feed), 6ft. to 26ft. per minute. 
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Planing Machines. 

Boiler feed, 10ft. to 40ft. per minute. 

Traversing table or trying-up, 5ft. to 30ft. „ 
8quaring-up (Bramah type), 5ft. to 20ft. „ 
Moulding machines, 5ft. to 50ft. ,, 

K.B. — It must be borne in mind that the slowest feeds given are for 
veiy hard or difficult woods, and the fastest for soft and easy ; and it 
will be found that most machines are arranged to feed at a variety of 
speeds in between the figures given : these are called into use according 
to the nature of the wood being worked, the most suitable speed being 
left to the judgment of the operator. 
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CHAPTEE XXII. 

POWER REQUIRED FOR VARIOUS MACHINES. 

As we have before remarked, in running wood-working 
machinery it is important that ample motive power is 
provided, as any irregularity in miming or reduction 
from the proper speed produces inferior output. It is 
difficult to determine without taking indicator diagrams 
the absolute amount of power required to drive any 
given machine ; and even supposing this to be done, 
the conditions under which the machine works, the 
natm'e of the wood, condition of the saw teeth, tools, 
«$:c., vary so much, that no given power can be con- 
sidered arbitrary under all circumstances. All that we 
can therefore do is to give as a guide the approximate 
power required to drive the various machines working 
under ordinaiy conditions. Should excessively hard, 
tough, or difficult wood be worked, these powers should 
be increased, say 15 to 20 per cent. It must be under- 
stood that the powers given are supposing that a number 
of them are taken from one engine ; should a single 
machine only be driven, an engine of the capacity marked 
would not as a rule be sufficient to drive it at its full 
speed. 

Commencing with circular saw benches, these require 
more power to perform a certain amount of duty than 
any other wood-working machine. 
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For sawing a 9m. deal, an engine of not less than 
8-h.p. should be used, and for every Sin. in depth of 
wood a horse power should be added, up to say 18in. 
Afterwards a horse for every 6in. will be sufficient for 
soft wood ; for hard wood 20 per cent, extra power will be 
required : the above engine power is estimated at 601bs. 
boiler pressure. Should the engine be worked at a 
higher pressure than this^ its size may be reduced in 
proportion. For cross cutting add 20 per cent, on the 
power given above. 

Saw FrameSf driven by belts, and calculated to carry one 

Saiv to lin. 

Average power required 

To cut logs 18in. x 18in. 4-horse. 

„ 24m. X 24in. 6 „ 

,, 30in. X SOin, 8 „ 

„ 36iii. X 36in. 10 „ 

„ 42in. X 42iiu 12 „ 

„ 48in, X 48in. 14 „ 

Single-bladed frames, to cut the same sizes as above, will take ap- 
proximately one-fourth the powers given. 

Deal Frames, 

Average power required. 
To cut two deals llin. x 3in. 4-horse. 
„ 14in. X 5in. 5 „ 

„ 18in. X Gin. 6 „ 

„ 24in. X 7in. 7 „ 

Single deal frames, to cut the same size as above, will take approxi- 
mately two-thirds of the powers given. 

Band Sawing Machines* 

For cutting soft woods, 1-horse power for every 12in. of depth cut* 
„ hard „ H „ „ „ 
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Jigger Smi\ 

To cut up to 9in. deep, l-horse power. 



Planing Machines, 

Average power required. 
Boller-f eed 4-cutter macliines, to plane boards 9in. x 3in., S-horse power 

Adding 1-horse power for every Sin. increase of width with lin. of 

thickness planed. 

For hard wood 20 per cent, to be added on to the powers given. 

For double cutter machines one-quarler may be deducted from the 

powers given above. 
If fixed finishing-irons are used 20 per cent, should be added to the 

powers given above. 

Trying-up and Planing Machines, with Travelling Table. 

To plane wood 15in. by loin., 3-horse power. 

For every 3in. increase in width planed, add J-horse power. 
For hard woods, add 20 per cent on to the powers given, 



Moulding Machines. 

Roller-feed 4-cutter machines, to mould 6in. wide, 3-horse power. 
For every 3in. increase in width add 1-horse power. 

Tenoning Machines. 

Large double, for railway work, 4-horse power. 

Builders* tenoning (6in. cutter blocks), 2 „ 

Vertical Mortising and Boring Machines. 

To mortise up to — 

2in. wide, and take wood 12in. x 12in. wide, 2i-horse power. 
„ ., 15in. X 15in. „ 3 „ 

Horizontal Slot Mortising Machine. 

To mortise up to 2in, wide, 1 J-horse power. 
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Veneer Slicing Machine. 

30in. wide, 4-horse power. 
For every Gin. increase in width add 1-horse power. 

Shaping and Irregular Moulding Machine. 

To cut Gin. deep (single spindle), l^-horse power. 
„ (double „ ), 2J „ 

Rounding Machine. 

To finish up to 3in. diameter, 2i-horse power. 

Wood-turning Lathe. 

lOin. centre lathe, l-horse power. 

Grindstone {icith Water of Ayr Stone). 

Stone 4ft. Gin. diameter x 9in. wide, 8 to lO-horse power. 

SaiV'Sluirpening Machine. 

Half -horse power. 

Spoke-shaping Machine. 

To shape 1 spoke at a time, l^-horse power. 
For every extra spoke dressed at the same time add ^-horse power. 

Spoke-tanging and Felloe-boring Machine. 

For wheels up to Gft. diameter, 2J-horse power. 

Felloe-shaping Machine. 

Double spindle (hard wood), Gin, deep, 3-horse power 

Wlieel Stock-boring Machine. 

To bore hole Sin. diameter (hard wood), S-horse power. 
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CHAPTER XXIII. 

ON CONSUMING SMOKE AND ECONOMISING FUEL. 

• 

As the consumption of smoke and economy of fuel 
are matters which will become yearly of more and more 
importance, it may be of interest to extend the remarks 
we have already made on the subject, and note briefly 
some of the most salient points found in some of the 
various apparatuses which have been designed to promote 
combustion and prevent smoke. A very lai'ge number 
of plans have been tiied, including mechanical stoking, 
improved furnace doors, improved fire bars, and various 
methods of introducing air or steam into the combustion 
chamber. 

To make perfect combustion, it is well known that two 
equivalents of oxygen to one of carbon are needed, but 
all the inventions at present tried fail either partially or 
entirely to effect this combination perfectly ; hence the 
formation of carbonic oxide and consequent waste of 
fuel. Although the various plans now in vogue fail to 
produce perfect combustion with any and every kind of 
fuel, it cannot be denied that much improvement has 
been and will be effected as the scientific setting and 
arrangement of boilers and the chemical principles 
embodied in the combustion of fuel become better 
understood. 
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We will first briefly notice the different plans of 
mechanical and hand stoking, as tliese play a somewhat 
important part in the perfect combustion of fuel. 

In stoking Cornish or Lancashire boilers by hand 
three systems of firing are in vogue : spreading, alter- 
nate firing, and coking. We are rather in favour of the 
spreading method, at any rate for small inferior coal, 
although the coking with some kinds of coal has the 
advantage of producing little smoke. To secure the 
best results in Cornish and Lancashire boilers a thicker 
fire is necessary than in tabular boilers. In the latter 
4in. in depth is generally found sufficient, but in Cornish 
or Lancashire boilers a depth of about 10 to 12in. is 
to be preferred. In hand stoking, as we have before 
remarked, much depends on the care of the stoker as to 
the prevention of smoke ; but no matter how careful a 
man may be to secure steady and equal firing, with most 
furnaces the constant opening of the door and the con- 
sequent rush of cold air into the combustion chamber in 
a gi'eat measure neutralize his efforts. As some of our 
readers may not be quite clear on the point, it may be 
as well to remai*k here, that to secure perfect combustion, 
the air, before it will mix readily with the various gases 
foimd in the furnace, must be raised to several hundred 
degrees of heat; hence the rush of perfectly cold air 
when the door is opened has really for a time a 
detrimental effect. 

Most of the mechanical stokers in use have been 
designed to obviate this constant opening of the fire 
doors and rush of cold air, but at the same time to keep 
up a constant and even supply of coal to the fire, with a 
sufficient admission of air to ensure combustion and no 
more. Mechanical stokers are constructed on a variety 
of plans : in some the fuel is projected on the fire by 
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revolving fans, in others it is blown in by blasts of hot 
air or steam, or pushed forward by rammers, or thrown 
in by shovels after the fashion of hand stoking. 

It may here be as well to say that, before arranging 
any apparatus for the prevention of smoke, care should be 
taken that the boiler is what we may call scientifically 
set, and the furnace and flues properly proportioned to 
admit an adequate, and not excessive, amount of air; 
and unless these precautions are observed, the action of 
any smoke consumer is in a great measure neutralized. 
The fire bars in Cornish boilers should be so arranged 
that the fire at the bridge end of the furnace is con- 
siderably lower than at the fi'ont ; this causes the fire to 
lead towards the door in a degree, and gives time for the 
temperature of the air admitted fi'om the bridge to be 
raised, and mingle with the various gases before pass- 
ing into the flues. This arrangement is particularly 
necessaiy in saw-mills, where, from the variety of the 
fuel used, a very fierce fii^e is often produced. There is 
little doubt that mechanical stoking has much to com- 
mend it, and with large users of steam power is steadily 
making headway. The nearest mechanical approach to 
hand stoking with which we are acquainted is an appa- 
ratus which really throws the fuel on to the fire. It 
consists briefly of a lantern wheel, compression spring, 
and shovel, which can be adjusted so as to throw the 
coal to the back, middle, and front of the fire, thus 
giving a imiform covering of fuel to the fire, which is 
so important a point in economizing fuel and preventing 
smoke. 

Another system of mechanical stoking consists in 
arranging plungers which feed the fuel on to a first series 
of moving fire bars, where it becomes more or less coked, 
and by their movement is carried on to a grated plate 

Q 
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and forced into the flue, where the combustion is com- 
pleted, the clinkers being removed at intervals from the 
bottom of the flue. By this system the ordinary bridge 
arrangement is done away with, and it is claimed for it 
that the action of the fire is thus more uniformly diffused, 
and better evaporative results secured through the heat- 
ing surface being extended instead of being limited to a 
small part of the flue, as is the case where bridges are 
employed. 

In another plan for automatic stoking, the coal is in- 
jected into the furnace and spread over the fire by means 
of a blast of hot air ; the coal is supplied to hoppers in 
the front of the boiler, and passes from these to crushing 
rolls, which break the coal up to a unifoim size, and pass 
it on to a delivery shoot : a blast of heated air is brought 
by means of a pipe to the end of the shoot, and carries 
the coal forward and distributes it over the fire. The 
blast of air is produced by means of a fan blower, and 
becomes heated by carrying the delivery pipe along one 
of the side flues of the boiler. In other mechanical 
stokers the fire bars are arranged alternately, fixed and 
movable, the latter being moved to and fro and up and 
down by gearing which carries the fuel gradually forward 
till combustion is completed. 

A system of mechanical stoking which differs essen- 
tially from those we have described consists in carrying 
the coal along under the fire bars and forcing it up into 
the fire. We are inclined to think the plan of feeding 
the coal to the bottom of the fire is the correct one, but 
the difficulty has been how to accomplish this satis- 
factorily. In one arrangement (the Helix), instead of 
the furnace floor consisting entirely of fire bars, some 
are omitted, and in their stead two or more long troughs 
are placed and connected with openings along taper tubes 
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placed beneath the fire bars. The wide ends of the tubes 
continue under the dead plate and join a feed trough and 
hojDper box which crosses the front of the furnace. 
Passing through the feed trough and filling the taper 
tubes, long auger-like screws are placed and receive either 
an inteimittent motion from ratchets and pawls or a con- 
tinuous motion from worm wheels and worms carried on 
a shaft running in front of the furnace. A large hopper 
suppUes the coal to the feed trough, and the screws carry 
it into and along the taper tubes and lift it up through 
the openings before described into the fire in proper pro- 
portions throughout the length of the furnace. The 
spaces between the tubes ai-e fitted with suitable bars, 
wliich have a backward and forward motion imparted to 
them, and the burning fuel is carried into a subsidiary 
grate placed at the end of the furnace. This grate is 
so aiTanged that it can be tilted up by the fireman when 
he wishes to remove the clinkers. As all the fresh coal 
has in this arrangement to pass through the fire, a com- 
paratively small amount of the various gases can escape, 
and we shall look with interest to the further extension 
and development of this system. 

In saw-mills, when the sawdust, shavings, &c., are 
regularly burnt with the coal, mechanical stokers are not 
easily applicable ; but in towns where the sawdust is sold, 
we can strongly recommend then' adoption, as they pos- 
sess decided advantages over hand stoking on the score 
of economy of coal, both as regards the amount con- 
sumed and the quality necessary; at the same time a 
more even pressure of steam can be kept up with less 
labour. 

In saw-mills, where mechanical stoking cannot well be 
introduced, the combustion of the fuel can be much im- 
proved by a judicious arrangement of fire bars and bridge. 

Q 2 
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A large variety of fire bars are in use, good, bad, and in- 
different. It is impossible to notice here many of these, 
but we will state briefly what we think should be com- 
bined in an efficient set of fire bars : — 1, simplicit}' ; 2, 
large air space, evenly distributed ; 8, should keep cool and 
not readily bmii out or wai-j) ; 4, air spaces readil}' 
cleared. As regards the amount of air space necessary-, 
no ai'bitrary niles can be laid down. For instance, a very 
much gi-eater admission of air would be required to bum 
an anthracite coal than to burn an ordinaiy bituminous 
coal ; but roughly, an area for the admission of aii* of 
from fom' to six square inches for each square foot of 
grate bar surface should be provided. This air space 
should be evenly distributed, or the fire will be found to 
bum patchy. 

With coal which forms a large amoimt of clinker rock- 
ing fire bars will be found very useful. We prefer to rock 
every alternate bar, leaving the intermediate ones sta- 
tionary'', as the bars that are rocked can thus break up the 
clinkers more effectually than if they all rocked at once, 
and so to say lifted the fii^e bodily. At the same time, 
when rocking bars are used it is unnecessaiy for the 
stoker to frequently open the fumace door to break up 
the clinkers with a rake or drag. 

Supposing a constant and regular supply of coal to the 
fire to be secured, the next point is to admit to the fur- 
nace or fire box the right amount of oxygen to secure 
perfect combustion, as that admitted through the fire 
bars is usually insufficient. There are several plans of 
admitting air, both from the door and the bridge of the 
tlie furnace, and having tried both methods we are in 
favom* of air admitted from the bridge. We have already 
noticed and illustrated one simi)le method of doing this, 
either by means of valves or by an air chamber with a 
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perforated bridge or arch ; we like the latter arrangement 
Whatever the plan used, cai'e should be taken that the 
air is heated to a considerable temperature, say 300** 
Fahi\, before it is allowed to enter the combustion 
chamber. This can generally be secured by forming a 
hot-air chamber in the bridge, the admission of air to 
which and to the combustion chamber can be regulated 
by a valve worked from the furnace front by a lever. In 
stoking, it shoidd always be borne in mind that the 
suppl}'' of air to aid combustion is required when fresh 
fuel is supplied to the fii'e ; after it has bm^nt up, little or 
none is requii'ed, except what passes uj) through the fire 
bars. 

In boilers where hand stoking is in vogue, and no fuel 
economizer is used, this constant admission of cold air 
through the furnace door should be guarded against, as 
it causes a waste of fuel, and also a contraction of the 
boiler plates, cooling them down at the same time. 

Many plans for the introduction of heated aii* into the 
combustion chamber are in use. In one lately inti'o- 
duced from America (Orvis' Patent) pm*e steam is taken 
from the boiler and brought by a small jupe down and 
across the furnace front into globes which are fixed on 
either side of the furnace door. To the bottom of these 
globes au' pipes are attached, and the action of the 
steam jets contained in the globes causes a partial vacuum 
in the air pipes, and air is thus brought into the globes 
and mixed with the steam, and so forced through inlet 
pipes into the furnace and over the surface of the fire : 
the pressure of the steam is regulated by valves. We 
have recently seen a boiler fitted with this apparatus, 
and it apparentl}'^ does its work well, but the objection to 
all api^liances in which steam is employed is that it is 
often misused and wasted; thus the saving from the 
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improved combustion may be counterbalanced by the 
waste of steam. 

One of the objections foimd to anthracite coal for 
raising steam is that it rapidly bums away fire bars of 
the ordinary type ; to overcome this various plans have 
been introduced. One of the most successful is a water 
hearth consisting of a shallow box made of boiler plates, 
and through wliich the water of the boiler circulates ; 
this takes the place of the ordinary fire bars. The hearth 
is connected with the boiler by two pipes, is always full 
of water, and a constant circulation is kept up, as the 
water is made to enter the hearth at its lowest point, and, 
as it absorbs heat from the furnace plate, rises through 
the pipes into the boiler: thus a constant and rapid 
cii'culation is kejH up, and the temperature of the hearth 
is uniform. 

As anthracite coal is i^racticall}- speaking smokeless, 
and evolves a great heat, the question of its general 
adoption as a fuel for producing steam can only be a 
question of time, or when a sufficiently simple and perfect 
apparatus has been devised that will do away with the 
one or two present objections to its use. The apparatus 
which we have just described must be held to be a step 
in this direction. 

A simple hand-feeding appai'atus for the prevention of 
smoke has recently been patented (Engert), and as it is 
tolerably efficacious, and easily adapted to most kinds of 
boilers, it deserv^es more than a passing notice. It may 
be described as follows : — the object of the invention is 
to prevent the generation of smoke by preventing the 
undue admission of cold air into the furnace. To this 
end the inventor has removed the ordinary fiu'nace door, 
and has fitted a square iron box on to the boiler in its 
place. This box is of the same size as the door, and is 
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closed with a door. Just inside this door is an iron 
shutter. To regulate the fire, the stoker, after having 
opened the door, pushes the front shutter partially up, 
which causes the inner shutter to be partially lowered 
towards the burning mass of fuel, the cold air by this 
means being prevented rushing under the boiler. In 
coaling, the front shutter is pushed quite up, which 
brings the rear shutter quite doAvn, and prevents the 
escape of the gases. The coals having been placed on 
the front portion of the furnace, the gases rising directly 
from them are drawn into the other part of the furnace, 
and are there consumed, no smoke being formed, all 
combustible matter being properly used. The furnace 
door is then closed, and after the lapse of a few minutes 
the shutter is partially and afterwards entirely lowered, 
the rear one being consequently raised. By this means 
the formation of smoke is prevented. 

In vertical boilers the principle of this invention is 
utilized by forming a small coking chamber on either 
side of the boiler, and feeding the coal as it becomes 
coked gradually into the fire on either side by means of 
a hand wheel working a plunger. The above are the best 
hand- feeding arrangements for preventing smoke with 
which we are acquainted. 

With some classes of coal, especially those forming 
much clinkers, revolving fire bars, combined with an 
air and steam injector, will be found efficacious, as by 
revolving the bars the clinkers are readily discharged 
and the air injector can be regulated to supply the 
requisite amount of air to efiect a tolerably perfect 
combustion. 
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CHAPTER XXIV. 

SELECTION OF TDIBKR* 

No arbitrary rules or even opinions as to the selection 
of timber can possibly be laid down, and the timber user 
must be guided almost entirely by his own practical 
experience as to the requirements of each special case as 
it comes before him, always bearing in mind, however, 
that low first cost does not always mean cheapness. A 
few general remarks on the selection of timber may not 
however be out of place. 

A straight, close grain, and a tolerable freedom from 
knots, sap, shakes, and other minor defects, are extremel}'- 
desirable for the best kind of joinery, cabinet work, &c. 
Wood of this character is worth, and generally commands, 
very high prices. 

" Waney '* and the lower-class deals should as a rule 
be avoided. The best deals have a good colour through- 
out, which shows freedom from sap. For lathwood pur- 
looses Petersburg wood is generally preferred, and for 
first-class joinery work Quebec best yellow pine. 

Appearance of good Timber. — There are ceiiain ap- 
pearances which are characteristic of strong and durable 
timber, to what class soever it belongs. In the same 
species of timber, that specimen in general will be the 
strongest and the most durable which has gi'own the 
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slowest, as shown by the narrowness of the annual rings. 
The cellular tissue as seen in the medullary rays (when 
visible) should be hard and compact. 

The vascular or fibrous tissue should adhere firmly 
together, and should show no woolliness at a freshly-cut 
surface, nor should it clog the teeth of the saw with loose 
fibres. If the wood is coloured, darkness of colour is in 
general a sign of strength and durability. The freshly- 
cut surface of the wood should be firm and shining, and 
should have somewhat of a translucent appearance. A 
dull chalkj^ appearance is a sign of bad timber. In wood 
of a given species, the heavier specimens are in general 
the stronger and the more lasting. 

Amongst resinous woods, those which have least resin 
in their pores, and, amongst non-resinous woods, those 
which have least sap or gum in them, are in general 
the strongest and most lasting. Timber should be free 
from such blemishes as " clefts '* or cracks radiating 
from the centre ; " cup shakes," or cracks which 
partially separate one annual laj^er from another; the 
"upsets," where the fibres have been crii)pled by com- 
pression; "ring galls," or wounds in a layer of the 
wood, which have been covered and concealed by the 
growth of subsequent layers over them ; and hollows or 
spongy places, in the centre or elsewhere, indicating the 
commencement of decay. 

In pine timber o^ the best kind the annual rings 
consist of a hard part, of a clear dark red colour, and a 
less hard part, of a lighter colour, but still clear and 
compact. The thickness of the rings should not exceed 
one tenth of an inch. 

The best sort of larch has the harder parts of the rings 
of a dark red, and the softer parts of a honey-yellow, and 
its rings are somewhat thicker than those of red pine. 
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Oak timber of the best kind, when fresh, is of a pale 
bro>WTiish' yellow colonr, with a perceptible shade of 
green f a firm and glossy surface, very small and regular 
annual ring.s, and hard and compact medullary rays. 
Thick rin<:;.s, many large x>ores, a dull surfieu^e, and a 
reddish, or " foxy " hue (caused by a fungus called 
** drux "), are signs of weak and perishable wood. 

Clood tc'uk resembles oak in colour and lustre, is very 
uniform and compact in texture, and has very narrow 
and regular annual rings. It contains a resinous, oily 
mhiier in its pores, in order to extract which the tree is 
ftom(;timcs tapped; but this injures the strength and 
durability of the timber and should not be practised. 
Tho ag(} of maturity is the best age for felling the tree 
to pro(lu(;e good timber. Tredgold gives the following 
data : — 



Ape of maturity— years. 

Onk I 60to200 

L average 100. 

AmIi, Elm, Larch . . . 50 to 100. 

Fir 70 to 100. 

LaHlott Hays : — 

''In H(!l(M;ting timber, the surveyor's attention will natu- 
rally b(! given to an examination of the butt or root end, 
which Hhould be close, solid, or sound ; and if satisfied in 
this r(!Hpect, the top sliould next be inspected, to see that 
it c()rreH])()nd8 with the butt end. Aftei-wards he will 
glances over the exposed sides in search of defects, care- 
fully exaniining the knots, if any, to see that they are 
Holid. Ho will, of course, avoid any piece that has either 
hoart, cup, or star-shake, or sponginess near the pith at 
the butt, discoloured wood at the top, splits along the 
Hides, rind-grtll, wcmn-holes, or hollow or decayed knots. 
In dealing witli spai'-timber, he will select tlie straightest 
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pieces ; they should be free from all the defects before 
mentioned, upsets — i.e., fibres crip^Jed by compression, 
lai'ge knots, and even those of moderate size if they are 
numerous or situate ring-like round the stick. Spar- 
timber should be straight-grained. 

"As planks, deals, &c., depend for their usefulness 
upon both quality and manufactm^e, the surveyor will not 
only see that they ai*e free from excess of sap, knots, 
shakes, and shelliness upon their sides, but also that 
they are evenly cut and fit for use up to their thickness. 

'^ Bright-looking timber is better in quality than dull, 
and that which is smooth in the working better than the 
rough or woolly-surfaced. 

" The heart of trees having the most sap-wood is 
generally stronger and better in quality than the heart of 
trees of the same species that have little sap-wood.'* 

Testing the quality of timber by the aid of the micro- 
scope has recently been practised with considerable 
success, and we are of opinion the subject is well worthy 
of further investigation. 

A paper was read a short time since before the Franklin 
Institute, Philadelphia, on the use of the microscope in 
testing timber, and it was decided that if the microscope 
condemns the samj)le, further delay in testing is not 
worth the while. The larger the specimens requiring to 
be tested, the greater will be the gain the microscope will 
eflfect in avoiding the cost of further proof, or the risks 
of using without such proof. Samples and micro-photo- 
graphs were exhibited of bridge timbers which had proved 
faulty, but which a preliminary examination with the 
microscope would have promptly thrown out. The timber 
from which these poor specimens were taken was a fragment 
from a railway bridge wrecked in 1879. It was so exces- 
sively poor that, on mounting a specimen on the plate 
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of the microscope, its weak and porous natnre was at 
oiJC<; apparent. The annual rings appeared about three 
times as far apart as they would be in good wood of 
Kimihir kind. The medullarv ravs were few in number 
and short in length, whilst in good wood, on the contrary, 
the}' are of considerable length and so numerous that 
tangential sections present the appearance of a series of 
tubes seen endwise, or a number of parallel chains. 
After once seeing and comparing samples of good and 
]>ad wood, it is easy to recognise the difference with a 
pock(.t magnifying glass- The tnmks and limbs of 
exog(fnouH trees, as is well known, are built up of con- 
centric rings or layers of woody fibre, which are held 
togetlufr by radial plates acting like treenails in a boat's 
side. The rings, representing successive years' gi-owth, 
are composed of tubes, the interstices of which are 
filled with cellulose. The slower the gi'owth of the tree, 
the thinner these yearly rings, and the denser and harder 
the wood — other things being equal. Not only is the 
closeness of the texture an indication of the hai'dness and 
strength of the timber, but the size, frequency, and 
distribution of the radial plates which bind the annular 
layers together may be taken as a very close illustration 
or sign of the character of the wood and its ability to 
resist strains, especially a breaking stress. The niicro- 
photogi'aphs of good and bad timber show that in the 
strong kinds the concentric layers are close in textm-e 
and narrow in width, and the radial plates numerous, 
wide, long, and stout, while in poor stuff the opposite 
characteristics prevail. The practical application consists 
in having such enlarged photographic sections, longi- 
tudinal and transverse, of standard pieces of timber, 
bearing a certain known maximum or minimum strain, 
and rejecting any piece which the assisted eye detects to 



SEASONING TIMBER. 237 

have fewer rings per inch of tree diameter, fewer fibres, 
or fewer radial plates per square inch of section, or to use 
such pieces with a gi-eater factor of safety. The advan- 
tage of the method is that it allows every stick in a bridge 
or other structure to be tested before use. 



Notes on Seasoning Timber. 

After timber is fallen, square it as soon as possible ; it 
will season quicker. If it is to be used for fencing posts 
and rails, &c., split at once and stack where there is a free 
circulation of air and the sun can get at it. Posts should 
be set in the ground the reverse way to which it stood in 
the tree, as this will decrease the absorption and con- 
sequent decay. If the post is creasoted or chaiTed about 
eighteen inches above the ground when driven up to 
home, it will also tend largely to i)revent decay. 

Should it be necessary to stack timber in the ojien au*, 
we then prefer to have it aiTanged at a considerable 
inclination similar to fig. 47. This will make a natural 
roof, and the water will readily drain away. The front 
end should be kept in a perpendicular line by setting over 
somewhat the deals in eveiy tier. Timber yards should 
in all cases be well drained and faced with concrete, 
rubble, or some hard material; damp situations should 
be avoided. Ample road space for selection and removal 
should be secured, if possible, between each pile of deals. 
This allows at the same time a free ckculation of air. 
Piling against walls or in corners where the aii- is stagnant 
should be avoided. All logs and stacks of planks should 
be carefully marked to show the time they have been 
seasoned. 

As we have elsewhere remarked, it will pay well to erect 
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<lenl sheds to kcej) the timbei- clean and diy. These should 
linve as free a ciiculation of air ns possible, especially 
where much pine, red and white wood are in stock, as they 
should be seasoned rapidly. Should any of the wood be 
" shelly," it should invariably be kept under cover, as 



FIQ. 47. 

rain would penetrate the shelly pai'ts, and this, being 
followed by sun or frost, would split and damage the 
boards considerably. White wood should be seasoned 
quickly, but as it twists when subjected to much heat, it 
is unsuited for ai-tificial drying, unless special means 
are taken to keep it straight. Flooiing-boai'ds may 
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be seasoned by being "perched" in an airy position. 
Care should be taken in all cases that skidding is laid to 
keep the ends of the boards off the ground. It is the 
practice in some yards to perch the boards in pau's with 
their face sides together; this keeps them clean and 
obviates, as a rule, the necessity of re-planing them when 
laid, which is an objectionable practice causing a re- 
shrinkage. We do not care for the plan of seasoning 
boards by stacking them in triangular form, as a con- 
siderable amount of rain or snow is thus enabled to 
penetrate them, and has no means of escape. 

In stacking timber of crooked gi'ain, means should be 
taken to keep the boai-ds straight, or they will probably 
dry crooked; or if boards should be of considerable length, 
and be allowed to "sag" in the middle, they will dry 
bent in that form. 

It is especially necessary that timber used for wheel- 
wright purposes should be thoroughly well seasoned, or 
it will be found that often, after very little use, the spokes 
will shake in then* places and the wheel almost fall to 
pieces. This is particularly noticeable when oak is used. 
To obviate this, many good makers block out the wheels 
roughly, and let them season for a time before finishing. 
In any case it is highly important that the parts of the 
wheel be not put together before the wood has entirely 
ceased to shrink. This remark applies equally well to 
agricultural implements, furniture, &c., in which English 
timber is employed. 

Deals should never be piled damp or wet ; and if they 
remain in the same position more than twelve months, 
they should be turned and re-piled : this is best done in 
the early spring. Timber yai'ds should never be blocked 
in by high walls or fences, but a free circulation of air 
should in all cases be secured. 
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In stacking timber, the following mles were in vogue 
at Woolwich Dockyard, and may be useful (Laslett) : — 

1. Let the skidding, as a nile. be placed as nearly as possible level 
both ways, and in no case allow the upper side of it to be less than 12in. 
distant from the ground ; it will then necessarily follow that, whether 
the stacking ground Ije level or uix)n a hill-side, there will be ample 
space for ventilation under the timber to be piled thereon. 

2. Let the butt ends of the logs be placed to the front, and keep the 
back or top ends of each tier slightly higher than the butts, for facility 
in withdrawing them from the stack. 

3. Let the skidding over each tier of logs be level, and place short 
blocks under it, as packing i)icce8, IJ or 2in. in thickness, upon every 
log ; the advantage of this is that, by removing the packing pieces, any 
log in the tier, between the two layers of skidding, may be withdrawn 
from the stack ^nthout disturbing the rejmainder. 

4. If the timber to be stored cannot be placed in a permanent shed, 
it should, with a view to its i)reservation, have a temporary roof placed 
over it. The size of the stack should therefore be considered in setting 
it out, limiting the breadth or span to about 25 to 30ft. 

5. Let each tier as it rises be set back 6 to 8in., to enable the con- 
verter to get over it without a ladder ; he will find it convenient for 
examining and selecting his logs for conversion. 

It will be found advisable, on the score of economy, 
to have sheds in which boards are stored covered at the 
sides as well as overhead. In aiTanging the shed, cai*e 
must be taken that it is diy, lofty, and well ventilated, 
and that there is a free passage of air without excessive 
draught through the timber. 

This may be done with the coai'sest description of 
boai'ds in store, and such as could not be used for joiners' 
general purposes. The boards foiming the screen at 
the sides sliould be slipj)ed into a groove at toj) and 
bottom ; and a rail or fillet midway up and outside can 
be secured to the inner framework of the shed by nails, 
driven between the edges of the boai'ds. No other fasten- 
ing is required ; and the advantage of the plan is this — 
it allows sufficient play for the boai-ds to shiink or 
expand, according to the weather and the season, while 
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they are still removable at pleasure for any purpose. 
The end or working face of the stack should be similarly 
closed up; but in this case, the boards being more 
frequently shifted, they should be, for convenience, 
clamped together in twos and threes, and secured with 
a shifting bar half way up. The timber wiU thus be 
well protected from the weather, and well ventilated, 
though not subjected to a draught. 

The amount of water varies in different kinds of wood, 
and also varies according to the season. 

The following table shows the percentage of water 
in different kinds of wood dried as far as possible in 
the air : — 

Beech 18*6 

Poplar 26-0 

Sugar and common maple . . 27*0 

Ash 28-0 

Birch 30-0 

Oak, red 34*7 

Oak, white 36*5 

Pine, white 37*0 

Chestnut 38*2 

Pine, red 39'0 

Pine, white 45-5 

Linden 47*1 

Poplar, Italian 48*2 

Poplar, black 51*8 
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CHAPTER XXV. 

DRYING TIMBER ARTIFICIALLY. 

A FEW notes on diying timber artificially may not be 
out of place. It is well kno\Mi that wind or aii* in motion 
evaporates the wateiy particles in any body with which 
it may come in contact, and the warmer the air the 
(luicker the evai)oration. It has been calculated that one 
cubic foot of air at 32'* will carry off about two grains of 
water per minute, but if a cubic foot of air be heated up 
to 160", it will carry off as much as sixty grains per 
minute. 

Timber is chiefly dried artificially by means of steam 
pipes, which arc an*anged to pass through the various 
drying chambers : this plan, however, which is expensive, 
and not very expeditious, is rapidly giving way in America 
to that of hot-air circulation. Several improvements 
in timber drying by the circulation of hot air have 
recently been introduced by Professor CaiTalho, of New 
York. Fig. 48. His modus operandi may be described as 
follows : — A continuous volume of heated air is forced 
ovtT the timber by means of a fiui blower, the temperature 
of which is gradually increased until the boiling point of 
water is reached ; then the water in the albumen or other 
Hubstanoes is converted into steam, it being impossible at 
212'' for any water to remain in the wood. This degree 
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of heat also coagulates the albumen, and the pores of the 
inner cells of the timber become filled up with the solid 
coagulum. All the larvie of insects and the insects them- 
selves are consequently rendered incapable of further 
injury to the fibre. Air-tight compartments or rooms 




for di-ymg are fitted with exhaust or ventilating pipes ; 
the hot ail- enters at the bottom of the room, and circu- 
lates round and through the wood, and is pressed out 
through the circulating pipes, which are also j fixed at the 
bottom of the room on the opposite side. This method 
of drj'ing does not warp or discolour the wood, and is a 
preservative against dry rot. 

Some valuable experiments on the action of steam oa 
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varlons kinds of wood were made by M. Violette, a 
Frenchman, some years back. The woods treated were 
oak, ash, ehn, walnut, and fir, specimens of which he 
submitted to the action of a current of steam at a tem- 
perature of 100'' Centigrade, gradually raising it to the 
different points of 125% 160% 175% 200% 225% 260% 
without the addition of any water, so that the vapour 
was no longer saturated, but was rendered capable of 
extracting the moisture contained in the wood. Portions 
of the various woods were weighed and exposed to these 
temperatures for two hours in closed chambers, and 
again weighed when cool, in order to find the amount of 
loss of weight by desiccation. 

Tliis loss was found to increase in a constant ratio 
according to the temperature ; but great variations were 
experienced with different woods. At the temperature 
of 176" elm and oak lost one-third of their weight, and 
at 250* one-half ; ash and walnut lost one-fifth at 176% 
and two-fifths at 260* ; and fir, one-sixth and one-third 
at the same temperatures. Until the heat reached 176* 
thoy each preserved their primitive colours, but fi:om that 
point to 200* a slight change took place. Above 200* 
the colour gi'adually deepened, and at 260* oak became 
black. Tliis change of tint indicates the formation of 
tar in the wood, which seems to be necessary for its 
due preservation. 

The partieulai' result of these trials to which we would 
direct the attention of the worker in wood is the great 
increase in strength which this treatment causes; this 
has been acom*ately determined at the different degrees 
of temporatm*e, showing the remai'kable fact that timber 
may be thus improved in tensile strength to an immense 
extent. Elm obtains its maximum point of sti'ength at 
a tempeniture between 160"* and 176*, whilst that for the 
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other woods varies from 125° to 150°. Ash receives an 
accession of two-thirds its original strength ; oak^ five- 
ninths ; walnut, nearly one-half; fir, two-fifths ; and 
elm, more than one-third. The order of classification 
here given is according to that of the temperatures. It 
appears that the process condenses the fibres, and gives 
to the wood the properties of solidity and firmness, 
equalling an amount of outdoor seasoning of a number 
of years. 

A process for preserving timber, known as carbolizing, 
has latterly come somewhat extensively into use; imder 
this system the antiseptic properties of carbolic and 
other tar acids are, by means of superheated steam, 
carried through the pores of the wood, and are so com- 
bined with its fibres as to preserve them. The process 
is continued as long as any fermentable sap or water is 
extracted. This plan of artificial preserving is a con- 
siderable preservation against dry rot, and wood that is 
fixed in damp situations is improved by being submitted 
to it. For timber that is for use in water, such as piles, 
or buried in the ground like railway sleepers, paving 
blocks, &c., a bath of creosote is to be recommended in 
addition to the carbolizing, and this is best given while 
the wood is hot and soft from the first process, as the 
creosote thus more readily permeates through the sap- 
wood, and seals up its pores. Care must, however, be 
taken, before this is done, that all the water and sap 
juices are extracted from the wood ; should this not be 
done, and they become sealed up by the creosote, 
fermentation and decay rapidly take place. 

Several other plans for drjdng sawn wood artificially 
are in vogue : in one the deals or boards are arranged 
on end in racks in a series of rows, with a free air space 
between them, or a false grated floor can be used for the 
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same puxi)03o. In Inrgc t'stublishments it irill be found 
ndvisftble to build n fulst; or double floor, nith a space 
runniiig dowii tlio ceutre of the shed below the main 
floor line, portioned off for a rail or tramway. Care 
must be taken that when the shed or chamber is closed 
for the introduction of the ni-lifioiidly heated and dried 
air that it is aii- tiglit, or much of the dijing efi'ect will 




be lost. We illustrate herewith (fig. 49) a plan used in 
America for artificially drj-ing wood. In this arrange- 
ineut a continuous supply of water is introduced by 
gravity into a steam generator or boiler : dry steam is 
afterwards inti'oduced into the closed chamber, which, 
after absorbing as much as possible of the moisture in 
the wood, is allowed to escape. 

Many modem processes of timber dicing are based on 
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the patent of Davis and Symington (1848), who used a 
heated blast of aii', which was driven through a closed 
chamber, in which the wood to be dried was placed. 
By their i)rocess mahogany is reduced in weight 24*4 per 
cent. ; pine 34*5 per cent. ; and fir 12*5 per cent. 

Whatever process of artificial drying is employed, 
care should be taken that the ends of the boards are 
properl}'' clamped or weighted, as with high temperatures 
the ends of the boards are apt to warp or split. 

In dryuig artificially it is important that the process is 
properly timed, and that the wood desiccated is suitable, 
as some kinds of wood will lose very considerably both in 
colour and strength. 

Desiccation by means of a gradually increasing tem- 
perature is sometimes employed. In this process the 
wood is subjected to a gradual^ increasing temperature 
in an air-tight chamber, imtil all, or nearly all, the 
moisture has been extracted from it: the heat and 
watery vapoui* about the wood are retained until a tem- 
perature of about 170° Fahr. has been attained; the 
heated ak is then made to escape slowly, and a veiy 
gradual reduction in temperature is allowed to take 
place. Whatever process is employed, care should be 
taken that the wood is not dried insufficiently or to excess. 
In the case of drying with hot air, the temperature should 
not be too high at first, or the face of the wood may 
become slightly baked or dried, so that the internal 
moisture cannot escape. If wood is dried to excess, it is 
not improved, and if it should be fixed in a damp situa? 
tion it will re-absorb a considerable amount of moisture. 
Wood should only be very highly dried when it is in- 
tended to be fixed in a situation where the temperature 
is tolerably high. 
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CHAPTER XXVI. 

DECAY OF WOOD AND ITS PREVENTION. 

Some woods decay much more rapidly than others; 
but they will all, in some situations, lose their fibrous 
textui-e, and with it their i)roperties. To ascertain the 
causes which act upon woods, and efiect their destruction, 
is an important object both to the builder and to the 
public. 

All vegetable, as well as animal substances, when 
deprived of life, are subject to decay. If the trunk or 
branch of a tree be cut horizontally, it will be seen that it 
consists of a series of concentric layers, difiering from 
each other in colom' and tenacity. In distinct species of 
trees these layers present very different appearances, but 
in all cases the outer rings are more porous and softer 
than the interior. Wood is essentially made up of 
vessels and cells, and the only solid parts are the coats 
which form them. These vessels contain the sap which 
circulates through the tree, gives life and energy to its 
existence, and is the cause of the formation of leaves, 
flowers, and fruit ; but when the tree is dead, and the 
sap is still in the wood, it becomes the cause of vegetable 
decomposition by the process of fermentation. There 
are five distinct species of vegetable fermentation — ^the 
saccharine, the colouring, the vinous, the acetous, and the 
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putrefactive. We are indebted to Mr. Kyan for tlie 
discovery that albumen is the cause of putrefactive fer- 
mentation, and the subsequent decomposition of vegetable 
matter. 

Something may be done towards the prevention of 
decay by felling the timber at a proper season. A tree 
may be felled too soon or too late, in relation to its age 
and to the period of the year. A tree may be so young 
that no part of it shall have the proper degree of hardness, 
and even its heartwood may be no better than sapwood ; 
or a tree may be felled when it is so old that the wood, if 
not decayed, may have become brittle, losing all the 
elasticity of maturity. The time requii^ed to bring the 
several kinds of trees to maturity varies according to the 
nature of the tree and the situation in which it may be 
growing. Authors differ a century as to the age at which 
oak should be felled — some say 100 and others 200 years ; 
it must therefore be regulated according to circumstances. 
But it is also necessary that the timber trees should be 
felled at a proper season of the year; that is to say, when 
their vessels are least loaded with those juices which are 
ready for the production of sapwood and foliage. The 
timber of a tree felled in spring or in autumn would be 
especially liable to decay, for it would contain the element 
of decomposition. Midwinter is the proper time for 
cutting away, between the months of November and March, 
as the vegetative powers are then expended. There are 
some trees the bark of which is valuable, as well as the 
timber ; and as the best time for felling it is not the best 
time for stripping the bark, it is customary to perform 
these labours at different periods. The oak bark, for 
instance, is generally taken off in eaiiy spring, and the 
timber is felled as soon as the foliage is dead; and 
this method is found to be highly advantageous to 
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the durability of the timber. The sapwood is hardened, 
and all the available vegetable juices are expended in the 
production of foliage. Could this plan be adopted with 
other trees, it would be desimble ; but the barks are not 
sufficiently valuable to pay the expense of stripj)ing. 

For the prevention of the ravages of worms and insects 
in timber, Evel}^! recommends sulphur which has been 
immersed in nitric acid and distilled to dryness, which, 
being exposed to the air, dissolves into an oil. A solution 
of lime or an infusion of quassia wood are also recom- 
mended for the same pm'pose. 

To cure dr}' rot in timber, subject it to a heat of 
300°, thus destroying all reproduction of fungus. A 
solution of corrosive sublimate (bichloride of mercury) 
makes an effectual wash. Chapman says an oimce of 
con'osive sublimate to a gallon of water laid on hot ; no 
other metalUc solution should be mixed with it. A 
solution of suli)hate of copper (commonly called blue 
vitriol) in the proportion of about half a pound of 
sulphate of copper to one gallon of water, used hot, 
makes an excellent wash, and is cheaper than the pre- 
ceding one. A strong solution of sulphate of iron is 
sometimes used, but is not so effectual as that of copper, 
and sometimes a mixture of the two solutions has been 
used. Coal tar is said to have been found beneficial, but 
its strong smell is a great objection to its use ; where 
the smell is not of importance it would assist in seasoning 
new timber which had been previously well diied. 
ChaiTing new wood can only be expected to prevent 
infection, as decay ma}' begm at the centre, and proceed 
without ever appearing at the surface of the beam ; and 
tlierefore, if timber be not well seasoned, no jjermanent 
good can be obtained fi^^om chan-ing. 

A plan recently inti'oduced into Belgium for preserving 



DECAY OF WOOD AND ITS PREVENTION. 251 

wood from the decay produced by the atmosi)here, water, 
&c., is to fill the pores of the wood with Kquid gutta- 
percha, which is said to effectually preserve it from 
moistm'e and the action of the sun. The process em- 
ployed consists in exhausting the air from the pores of 
the wood and filling them with a gutta-percha solution, 
or by forcing the solution into the pores. The solid 
gutta-percha is liquefied by mixing therewith paraffin in 
the proportion of about two-thirds of gutta-percha to one 
of pai'afiin; the mixture is then subjected to the action 
of heat, and the gutta-percha becomes sufiiciently liquid 
to be easily introduced into the pores of the wood. The 
gutta-percha liquefied b}'- this process hardens in the 
pores of the wood as soon as it becomes cold. Railway 
sleepers, telegraph poles, roofs, &c., treated in this way 
are said to stand well. 

The improved method adopted in France for the 
preservation of wood by the application of lime is also 
reported to give excellent results. The plan i)ursued 
is to pile the planks in a tank, and to put over all a 
layer of quicklime, which is gradually slaked with water. 
Timber for mining purposes requires about a week to be 
thoroughly impregnated, and other wood more or less 
time, according to its thickness. The material acquires 
remarkable consistence and hardness, and, it is stated, 
on being subjected to this simple process, that it will 
never rot. Beechwood prepared in this way for hammers 
and other tools for ironwork is found to acquire the 
hai'dness of oak, without parting with any of its well- 
known elasticity or toughness, and it also lasts longer. 

"Wood may also be preserved from rotting by im- 
pregnation with paraffin. As this, however, renders it 
more inflammable, it should be used with care, and as 
protection chiefly against water or acid and chemical 
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fames or liquids. It may be further protected bv an 
external varnish or silicic acid. Wooden vessels irhieh 
become totally rotten in two months under the action of 
acid and alkaline lyes will last for two years when 
impregnated with paraffin. The wood is prepared by 
dr}'ing it in warm air for about three weeks^ and then by 
steeping it in a bath of melted paraffin, to which has 
been added some petroleum, ether, or sulphnret of 
carbon. Care must be taken at this part of the process, 
as the bath is exceedingly inflammable. 

It is generally believed that the ancient Egyptians 
were acquainted with some method of preserving wood, as 
wooden coffins, believed to be at least 2000 years old, 
have been discovered in a good state of preservation. 
These were made of solid blocks of sycamore wood, 
scooped out to receive the corpse ; and as sycamore is a 
wood that does not endure for any great length of time 
without some preservative treatment, it is but natural to 
conclude that it was so subjected, especially as the wood 
had the appearance of being impregnated with some 
bituminous substance. It is also asserted that the 
ancient Temples of Egypt contain the oldest timber in 
the world, in the shape of dowel pins, which are incor- 
porated with stonework, known to be not less than 4000 
years old. These dowel pins are supposed to be made 
from the tamarisk, or shittim wood, in ancient times a 
sacred tree in Egj^pt. 

Timber that is used for piles in the making of break- 
waters, piers, and otlier marine works, &c., being con- 
stantly immersed in sea- water, has enemies to contend 
against, which ai'e far more formidable to its existence 
than are the natural processes of decay. The chief of 
these enemies ai^e two small worms, one of which is 
tenned the ** Limnoria Terebrans," and the other the 
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" Teredo." The ravages which these minute creatures 
make upon timber exposed to then: attacks are almost 
incredible. 

A large number of modern processes for timber pre- 
servation have from time to time been introduced. The 
direction that most of these have taken has been the 
impregnation of the wood with the metallic salts, which 
by combination with the sap, form insoluble compounds 
within the pores of the timber. 

Perhaps the best known of these processes are Sir 
Wm. Burnett's, who impregnates sulphur of zinc ; 
Dr. Boucherie's, who uses sulphate of copper ; Kyam's 
process by mercuric chloride ; Bethell's process, or 
creosoting, which latter has superseded most of the 
others, chiefly on account of its low cost. Sigismund 
Beer, a German chemist, discovered a plan, that by the 
use of borax as a solvent the coagulation of sap was 
prevented, and that it could be eflfectually removed by 
boiling, without injury to the wood. A Dr. Jones also 
invented a process for the preservation of timber from 
decay or fire : this consisted in pickling it in a solution of 
tungstate of soda and water, of the specific gravity of 1*2. 

We may with advantage briefly explain Bethell's 
method of creosoting. Creosote is an oil distilled from 
tar. In all gasworks large quantities of tar are pro- 
duced ; and this tar is bought by the distillers, who 
subject it to the following process : — The tar is first put 
into large stills, made of strong iron sheeting ; and then, 
under the application of heat, the process of distillation 
proceeds. The first oil drawn off by this process is 
termed " light naptha." The heat being then increased, 
heavy naptha is distilled. A still further increase of 
heat produces creosote oil, which is a thick liquid of a 
dark brown colour, and highly inflammable. 
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That part of tlie tar which is not vaporisable, and 
which conse(|uently remains in the still, in a liquid, 
boiling state, is what is commonly known under the name 
of i)itch ; and this is di-awn oflf into large tanks, made in 
the giound in front of the stills, where it solidifies and 
assumes the brittle appeainnce by which it is known. 

The preservative properties of creosote are owing to 
its preventing tlie absorption of the atmosphere in any 
form, or under any change of temperature ; it is noxious 
to animal or vegetable life ; and it arrests all fermentation 
of tlie sap, wJiich is one of the primary causes of dry rot 
and other si)ecies of decay in timber. 

The action of creosote may thus be described : — When 
injected into a piece of wood, the creosote coagulates the 
albumen, tlms preventing the putrefactive decomposition, 
and the bituminous oils enter the whole of the capillaiy 
tubes, encasing the woody fibre, as with a shield, and 
closing up the whole of the pores, so as to entirely 
exclude both moisture, water, or au\ By using creosote, 
inferior porous timber and that cut at the wrong season, 
and therefore sappy, may be rendered durable. 

The Bethell system of creosoting is as follows : * 
— The timber is first thoroughly seasoned and cut to 
the required dimensions : it is then placed in a wrought- 
iron cylinder, fitted with doors that can be hermeti- 
cally closed by means of wrought-iron cramps. The 
air and moistiu'e contained in the wood are then ex- 
hausted from it and from the cylinder by means of a 
powerful air pump. The pores of the wood being now 
empty, the preservative material, creosote oil, is admitted 
into the tank. "When the wood has received all that it 
will after this maimer, more oil is forced into it by 

* " Timber Trades Journal." 
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means of hydrostatic pumps, exerting a jiressure of 
120 lbs. to 200 lbs. per square inch. This pressure is 
maintained until it appears that the proper quantity of 
creosote oil has been absorbed bv the wood: this is 
determined by a gauge. Timber intended for railway 
sleepers, bridges, &c., should absorb 7 lbs. of oil per 
cubic foot ; and timber required to be protected against 
marine insects, &c., requires at least 10 lbs. of oil per 
cubic foot. 

The price for creosoting ranges from fourpence to 
fivepence per cubic foot, according to the quantity of oil 
required. 

In addition to sleepers and jiiles, creosote is applied 
to telegraph poles, fencing, and numerous other arti- 
cles, including wood-paving blocks, now so extensively 
employed in making roads. 

Blythes' system of wood preservation is also now 
largely practised, especially on the Continent. The 
theory claimed for this process is that cai'bolic acid, 
which is known to possess great antiseptic propeilies, 
can be forced into the innermost pores of the wood by 
the action of what is called " dry steam," thereby, from 
the great pressure, impregnating the timber more eflSca- 
ciously than can be done with creosote oil and the 
mechanical action of pumps. The result is that all 
moisture and sap is thrown off, and a contraction of the 
fibre ensues, by which the wood is hardened and pre- 
served from decay. Sap is the great objection to red 
wood, and the inventor claims that this is entirely got 
rid of, and that the process effects an essential chemical 
change in the component parts of the timber ; and that 
no matter how green the wood may be at the time, 
when subjected in closed chambers, such as are used in 
this process, to the action of carburetted steam, every 
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fibre closes^ and the hardening of the wood is the 
consequence. 

In all cases where wood is to be exposed to constant 
moisture, the carbolizing process is supplemented by the 
addition of tar oil, in such proportions as may be required, 
not necessarily to make the wood more imperishable, 
but to make assurance doubly sure. 

Sir Wm. Burnett's process has for its object the 
coagulation of the albumen of the wood. For this 
purx^ose he uses a solution of chloride of zinc in the 
proportion of about 1 lb. to 4 gallons of water. The 
timber requires to be immersed in this for about two 
days for each inch in thickness, and afterwards taken out 
and dried. To expedite the process the solution may be 
forced into the pores of the wood by hydraulic pressure* 
This treatment is foimd to harden the wood considerably, 
and it is claimed for it that it is a preservation against 
dry rot, mildew, and white ants. 

Salts of lead have also been tried for preserving wood, 
either by themselves or mixed with other antiseptic 
matters, such as creosote, phenic acid, &c. The salts of 
lead which are considered as best adapted for use in the 
preservation of wood are the plumbates of potassia, soda, 
and lime, double hyposulphite of lead and of soda, the 
ammonio-plumbic salts, the basic acetates andpyrolignites 
of lead and their analogues. In order to fix the soluble 
composition of lead in the wood, gaseous re-agents, such 
as ammoniacal and sulj)hm'ous vapours, are usually 
employed. 

Amongst tlie other remedies for (Uy rot, &c., may be 
mentioned corrosive sublimate ; a mixture of sulphate of 
copper and sulphuric acid in the proportion of lib. of 
each to 6 gallons of water, sulphate of iron, salts of lead, 
oil of tar and carbolic acid. 
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TIMBER CONVEaSIOX. 

It is impossible to lay down any rules as to wood 
conversion so as to utilize the wood to the best advantage. 
Each log must be judged separately, as what may be 
economy in one case may be great waste in another. Many 
timber converters have plans and theories of their own, 
which they may have evolved 
from their own special expe- 
riences ; these as a rule they 
studiously keep to themselves : 
but even were they published 
their value would be proble- 
matical, as what would suit 
the market or special require- 
ments of one district may be 
unsuited to another. Large 
timber, if sound, is usually wo. 60, 

cut into planks as Hg. 50. 

When a number of planks are wanted the same 
width, the best plan is to square up the log by re- 
moving one or two boards on each side, and then reduce 
the balk to the number of planks required as illustmted 
by fig. 51. 

In Gonrerting large wainscot oak in order to obtain the 
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meoAi SMwing it simiUr to fi^. 51. 





We giTB sketches (figs. 53 and 54), showing two Con- 
tinental methods of working logs. Fig. 53 represents 




llio tnaunor of working r log moat conrenient in those 
CIISC8 whore flitches nre required, ns well as thin boards. 
Fig. S4 is tlkc most adrautageous where boards of different 
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thicknesses are required. It is, however, as we have 
before said, impossible to lay down any fixed rule to be 
followed; the workman must in each case adopt the mode 
which suits best the size, shape, and condition of tlie 
piece of timber he is operating upon, as, for instance, it 
would be extremely foohsh to cut up a log affected with 
"heart," "cup" or "star" shake, or "foxiness," into ■ 




tbin boards, necessitating in many cases a large amount 
of waste, when it would probably be sufficiently strong 
and sound to cut up into serviceable scantlings. Again, 
if care is taken in flitcbing, the defective portions of a 
heart may be cat out, leaving only sound timber. 

G-reat care should always be taken in converting logs 
to arrive at the exact cost of the scantling cut from them 
before quoting a price. With English timber the cost of 
felling, haulage, labour, waste, percentage for rent and 
taxes and use of machinery, should be carefully esti- 
mated ; and in the case of imported timber, the &eight. 
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rail carriage (if any), insurance, dock dues, &a, must be 
borne in mind. 

In giving a quotation for certain sizes and lengths of 
scantling, carefully note how your logs will work up into 
these sizes and lengths, or whether you have to cut to 
waste, or leave unsaleable lengths or sizes on hand. 
These are vital points in saw-mill economy that are 
however, sometimes neglected, or not done carefully 
enough. There is also the risk of imsound logs which 
must not be lost sight of. As a rule, the value of 
Kcantling increases in proportion to the size of the log. 

It will be found advantageous with some timbers — ^for 
instance, ash — to reduce it to planks soon after it is 
felled, as if left long in the log it will open deep shakes, 
considerable loss in conversion thus arising. 

In France the method of hewing timber generally in 
vogue is to follow the taper or natural growth of the tree ; 
in comparing this plan with the English practice of 
squaring or siding, it has been urged that the loss in 
conversion would be greater with the French than the 
J^lnglisli timber : this has, however, proved not to be the 
case, as tlie loss is some 5 per cent less with the French 
than the English. Another plan of dressing often pur- 
sued in Cuba and Central America is to dress the timber 
up quite square, but with two or three stops or drops in 
the diameter of the log in order to secm'e as much timber 
us possible in the stem of the tree. 

The question of manufacturing deals and battens, 
with or without the natural heails of the tree in them, 
has long been a moot point between producers and con- 
Humers ; but although there would be more waste, and 
the h(»arts may be suitably used for some purposes, we 
cei'tainly think the fairest course — at any rate to the 
consumer — is that the saw should be run down the 
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' centre of each log ; a buyer is then able to see what he 
purchases. A deal thus made without heart will be 
less liable to artificial shakes when drying, and should 
command a better price than deals made with hearts in 
them, in which shakes cannot be avoided. As an 
argument against retaining the hearts in deals and 
battens, it is well known that wheelwrights when season- 
ing in the log, often bore out the heart of the wood : this 
allows a more even and rapid seasoning, with a greater 
freedom from external shakes. One of the reasons, 
probably, that many producers still retain the plan of 
making deals and battens with heart centre is, they will 
if thus cut make a little larger specification. Another 
plan for getting rid of the heartwood, and one to be 
recommended with logs above 11 in. diameter, is to cut 
a plank out of the centre of the log, and rip it into 
narrow stuff suitable for door and sash making, &c. 
There would, undoubtedly, be a loss in this; but it 
should be counterbalanced by the remainder of the log 
producing sounder and better deals. 



262 SA W'MILLS. 



CHAPTEE XXVIII. 

AN ESTATE WORKSHOP. 

We will first consider the selection of a suitable site ; 
tliis is a matter of great importance in securing economy 
of working. In building a workshop advantage should 
be taken as far as possible of a site seeming good land or 
water carriage, so that timber may be readily brought 
to and taken away from it. If it is desired to convert 
heavy timber, the building should be arranged with large 
sliding doors at either end, so that the timber may be 
passed in at one end in the rough, and, after being 
worked through the various machines, passed out at the 
other as manufactured goods. A tramway should run 
down the centre of the building, and if the timber is very 
heavy, an overhead traveller will be necessary.* We 
intend, however, describing a small general workshop, as 
more suitable to ordinary requirements. 

Our illustration (Fig. 55) represents a plan of a general 
estate workshop. The building or shed is of one story, 
with platform above for timber, &c. ; it is 57 ft. long by 
85 ft. broad ; it can be built of masonry or wood, as may 
be most convenient or desirable. Its general arrange- 
ment will be understood from the reference numbers 
which are explained as follows : — 

1. Office. 2. Stores. 8. Hand-power mortising, and 

* See Chapter I. 
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boring machine. 4. Carpenters' benches. 5. Eack for 
deals. 6. Blacksmith's shop. 7. Forge. 8. Fan blower. 
9. Lathe for turning wood or iron. 10. Main shafting 
for driving machines (undergromid). 11. Pump for 
supplying water for estate or settlement. 12. Counter- 
shaft for " Estate Carpenter and Joiner " machine 
(underground). 13. Portable engine. 14. ** FiState Car- 
penter and Joiner " machine, for sawing, planing, mould- 




57 FT- 

FIG. 55.— PLAN OF ESTATE woEKSHOPS (Scale 1 inch = 10 feet). 

ing, tenoning, slot mortising, boring, rebating, tonguing, 
grooving, mitring, cross-cutting, &c. 16. Slot mortising 
and boring table for ditto. 16. Fuel for engine. 

As regards motive-power for the workshop, if a suit- 
able fall and constant supply of water is obtainable, we 
recommend a water-wheel or turbine as the most eco- 
nomical power to employ. As in many parts of the 
countrj^ however, a large water supply is unattainable, a 
steam-engine must be employed. The type of engine we 
recommend is the portable, as in cases of emergency it 
can be taken from the workshop, and used for pumping, 
sawing, &c., or in the harvest-time for driving a thrash- 
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iiip[-maclnne. As regards the size of engine, a 10-horse 
power is the most suitable, but certainly not less than 
8-horse i^ower should be used. This should be con- 
structed witli an extra large iire-box for burning wood, 
iVc, in addition to coal or other fueL In fixing the 
engine in position, the fly-wheel should be placed 
exactly in a line with tlie pulley on the main shaft that 
it has to diive. This can be done by passing a string 
along the outside edge of the fly-wheel and the pulley, 
and moving the engine or pulley till the string bears 
evenly on all the edges of the wheel. The engine must 
be fixed so tliat it does not rock when working, and the 
smoke-box end should be raised slightly higher than the 
fire-box end. The wheels can be let slightly into the 
ground with advantage. The shafting for driving the 
machines should be 8 in. in diameter, and fixed at a dis- 
tance of not less than 20 ft. from the centre of the fly- 
wlieel shaft to the centre of the shafting driven. 

The shafting, for convenience sake, should be fixed 
undergi*ound, and nm transversely to the building : the 
standards and jJummer blocks — the former are to be 
ineferred — sujiporting the shafting can be fixed on brick 
l)iers or on thick slabs of wood. The shafting should be 
supported by bearings about everj' 8 ft., fixed at a dead 
level, and speeded to make about 250 revolutions per 
minute. 

The machinery selected should be of simple construc- 
tion, easily worked, and readily changed from one class 
of work to another. No. 14 on the plan represents such 
a machine. It is entitled the "Estate Carpenter and 
Joiner,** and is from the designs of Messrs. Powis Bale 
and Co., wood-working engineers, 20, Budge-row, London, 
E.C. It will perform nearly all the operations required 
in a joiner's shop, including all kinds of sawing, both 
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plain and feather edged, and an adjustable guide or 
fence is fitted by which any desired bevel can be obtained. 
Fencing, firewood, &c., can also be cross-cut to any 
desired length. By the use of a revolving cutter disc in 
place of the circular saw, floor boards, &c., may be 
planed anj^ thickness, and the wood prepared for doors 
and similar work. Plain mouldings may also be struck 
and skirtings dressed, for which purpose a moulding 
block is employed in lieu of the planing disc. For 
cutting tenons two cu'cular saws are employed, and the 
wood to be tenoned is cramped vertically, and passed 
between them. The various operations of rebating, 
tonguing, grooving, mitring, &c., can also be performed 
with facility. For the mortising and boring of gates, 
fencing, &c., a mortising table (No. 15 on plan) and 
routing tool, fitted into the end of the saw spindle, are 
used. The depths and lengths of the mortises are 
regulated by stop pieces fitted to the table. The machine 
can be instantly changed from one operation to another, 
and with a little practice a labourer will be enabled to 
turn out a large amount of satisfactory work. 

No. 3 on the i)lan represents a hand-power mortising 
and boring machine, adapted for mortising in hard or 
soft woods, or boring in wood or iron. With this machine 
all the lighter kinds of mortises — such as those used in 
door and other joinery work — can be cut with a truth 
and rapidity entirely unattainable by hand. 

No. 9 is a 10 in. centre lathe, adapted for turning 
either wood or iron. In the latter case a slide rest 
replaces the ordinary plain hand rest usually used for 
turning wood. We need hardly add this machine is one 
of the most useful it is possible to employ, both for 
producing new work, and for repairing old. 

The various machines should be set to a dead level. 
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and exactly at right angles to the shafting from which 
they receive their motion. The fan-blower should have 
an impeller of 13 in. diameter, and make 2,300 revolu- 
tions per minute. This size fan will produce a blast 
sufficient for three fires. In fan-blowers of the best 
construction the outer casing is cast in two pieces, and 
divided horizontally just above the discharge pipe. By 
this plan the upper half of the casing can be lifted off, 
and the fan thoroughly cleansed as required. The 
horizontal joint should in all cases be faced, so as to 
avoid the objectionable i^lan of packing with red lead. 
All the working i^arts should be very accurately balanced, 
or, owing to the high speed at which they run, the bear- 
ings will very rapidly deteriorate. The bearings should 
be in length at least four diameters of the spindle. The 
spindles should be of steel, and efficient means of lubrica- 
tion should be secui-ed. The diiving band should be of 
even thickness, and as pliable as possible. 

We think it necessary to make these few remai'ks on 
fan-blowers, as many of low price and inferior construc- 
tion are sold, and when used cause much trouble and 
loss of time, at the same time producing an inferior 
blast. 

The tue ii'on of the blacksmith's forge should be about 
IJ in. diameter. If much outdoor repairing work is 
necessary, an additional ii*on portable forge on wheels 
should be added to the plant. 

The men employed should never be allowed to use 
the machinery haphazard, but one man should be placed 
over it, who should be made answerable for the con- 
dition of the saws, cutters, and other tools used : should 
this not be done they will generally be found out of 
order when wanted, as that which is every one's business 
is no one's. 
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In preparing wood for striking mouldings it should be 
cut feather-edged or to a bevel by the circular saw, and 
not left square, which is often done, and is extremely 
wasteful. Duplicate sets of tools should be kept, in case 
of accident. All open oil ways should be protected from 
dust, and the bearings carefully lubricated and attended 
to. 

With the plant we have sketched, a very considerable 
quantity and range of work can be turned out ; all the 
joinery required in building a house can be produced, 
of better quality, and at an immense saving over hand 
labour. 
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CHAPTER XXIX. 

WOOD FOB MOULDINGS. 

Ak re({arrls the suitability of various woods for making 
xnoulrlingH there is a considerable difference of opinion, 
imd Wf; appf;nrl some useful remarks thereon taken from 
the lionrlon " Timber Trades Journal," who say: — 

''That it has not as yet been clearly laid down which of 
the wo(k1s ordinarily employed for the making of mould- 
ings is the best for the purpose is perhaps to be accounted 
for paiily because judgment has to be given more from 
the gtiirhmce of opinion than from the evidence of facts, 
partly on account of the knowledge of the advantages and 
disadvantages associated with the making of moulds from 
Kpocial woods being confined more or less exclusively to 
thoso whoso practice it is to employ one particular kind 
of wood for the purpose, and also, no doubt, because the 
jndgmonts of those who deal in mouldings are materially 
blinded by self-interest. 

'* It is a circumstance which conduces in no small 
degree to the profits of those engaged in the foreign 
timber trade that the public opinion as to the suitability 
of various woods for different purposes is of a very varying 
natui^e. From the conflict of opinion which exists, 
morohants and all otliers interested in the selling of wood 
largely benefit. 

•• So much has of necessity to be left to opinion, and 
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so little is to be decided by fact, that there is little 
likelihood of this or any other paper altering the various 
customs which prevail in diflferent parts of the country 
and abroad, as to the use of special kinds of wood, to any 
appreciable extent. 

** Nevertheless, the readiness with which certain manu- 
facturers of mouldings caused their opinions to be ex* 
pressed in type, is proof sufficient that the subject is of 
importance and interest to them at least. 

** Without attempting, therefore, to dogmatize on a 
matter which we have ourselves agreed to be one of 
opinion rather than of ascertainable fact, we will proceed 
to a discussion, firstly, as to the merits of yellow pine for 
mould-malcing. 

" Of the three woods, yellow, red, and white wood, 
yellow pine takes precedence here, if on no other account 
than of its high cost alone. 

" When yellow pine is brought into requisition for 
mould-making, it is the best quality which can alone be 
used. Experience has been the means of teaching all 
manufacturers of mouldings that true economy is alone 
to be consulted by employing wood free from defects. 

" For the making of planting and other small moulds, 
wood absolutely free from defect is an imperative necessity; 
even if the timber could be selected from the commoner 
qualities, which were free from knots and shakes, a 
possibility not likely to occur, the almost certainty would 
remain that it would be debarred from use by reason of 
the coarseness of its texture, inasmuch as mouldings 
made of it would break. There is no occasion to remark 
that yellow pine of the best quality is an exceedingly 
expensive wood. The expense of using it is not to be 
fully measured up by the first cost. It must be weighted 
with two additional charges; the first of these falls 
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upon the shoulders of the mannfkctnrer, the second 
is borne by the consumer. When using yellow pine 
for mould-making, the mannfiicturer has to contend 
with the extreme difficulty of obtaining foreign sawn 
yellow pine boards in anything like sufficient quantity, 
that iSy a sufficient quantity of a good enough qnaUty, and 
so he Ls thrown back upon the necessity of using deals or 
battens. 

" The necessity is an expensive one, for by reason of it 
he is shut out from the advantages which are afforded 
him by boards, both in the gain of wood acquired through 
their extreme thickness and in the saving of loss they 
effect by the comparative absence of heartwood. 

" The other of the two charges with which we have 
pointed out yellow pine is weighted, and which falls upon 
the consumer, is the short specification of lengths which 
has to be contended with. Upon this head Messrs. 
Laverack & Goddard, of Hull, wrote (see page 3, voL ix., 
* Timber Trades Journal') to the following effect: — *For 
planting mouldings 12 ffc. to 16 ft. lengths are suitable, but 
for architraves, back moulds, angle beads, or any class of 
mouldings used in long lengths, pine deals are generally 
too shoil. An ordinary cottage door requires 16J ft. of 
single or architrave moulding, and for better class doors 
17 or 18 ft. lengths, or longer, are needed. For doors 
7 X 8 ft. it would require for each door two pieces of 
architrave about 7J ft. for the sides, and one piece about 
4 ft. for the head. In such a case it is quite evident that 
pine mouldings of 12 or 14 ft. would cut very much to 
waste. The railway company allow only one waggon for 
orders of less than two tons ; therefore we cannot send 
mouldings above 16 ft. lengths in these cases, and constant 
complaints of the lengths being too short are the result.' 

" The remarks quoted above are weighty evidence of 
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the necessity of having the larger mouldings struck in 
good long lengths, coming, as the notes do, from such 
excellent authority. 

" The main advantage, perhaps the only one, which is 
attached to 3'ellow pine as a mould-making wood, is that 
it is capable of receiving a far higher finish than is any 
sort of red wood or white wood. This favourable 
quality, which unquestionably it possesses, is one which 
is of considerable value, because the moulding part of 
joinery work standing out as it does from the plainer 
part of the work with the distinctiveness of a decoration, 
it is the more imperative that it should be highly 
finished. 

" Thus, because the highest state of finish can alone 
be given to yellow pine, it is the only wood which can be 
employed for a highly decorative moulding, unless indeed 
some of the harder woods be used. 

" Somfe of the moulding manufacturers, who are in the 
habit of using only red wood, may take exception to this 
decision, but after a lengthened experience of mouldings 
made of the three woods, the merits of which we are 
discussing, we feel perfectly clear about the assertion we 
have made. 

" Red wood, on account of its greater abundance and 
comparative cheapness over yellow pine, must be said to 
rank before it as a mould-making wood. We reserve the 
case of a highly decorative, or unusually required highly- 
finished mould as an exception. 

" Gefle, Archangel, St. Petersburg, and Bjomeborg red 
wood stocks, as is well known, supply the greater pro- 
portion' of moulding boards, and of these stocks we hold 
a decided preference for Gefle. Mixed Gefle red wood 
boards, of such well-known and highly esteemed brands 
as the SKB, for instance, are hardly to be excelled by 
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any wood for mould-making. In addition to their well- 
recognised freedom from knots and shakes, the wood 
possesses a certain mellowness of nature and richness of 
colour which is perhaps not attached to any other class 
of wood. There are, of course, excellent qualities asso- 
ciated with Archangel red wood, and we have of late had 
expressed to us hy manufacturers exceedingly favourable 
opinions of certain Bjorneborg stock ; hut our own 
observation has led us to attach our favour to Gefle 
wood. St. Petersburg red wood boards are not at all 
times to be relied upon for quality, altliough bracketed as 
Ists. 

" Tlie abundance of red wood boards and their su- 
periority over deals and battens for mould-making cause 
them nearly always to be used, and their long specifi- 
cations avoid the inconvenience and loss which it has 
been pointed out are attached to the use of pinewood 
mouldings. 

" Red wood mouldings should always be employed in 
exterior work, such, for instance, as the outside of front 
doors, on account of their weather-resisting quaUties. 
These, and the saving effected by reason of their longer 
lengths, are the qualities in which red wood moulding 
excels yellow pine moulding, and for the rest it is a 
matter of relative price, with which question, as between 
the two, this paj^er has not any concern. 

" But although we may be able to disregard any slight 
difference of cost there may lie betwixt red wood and pine 
mouldings, we cannot overlook the fact that in the great 
bulk of cottage building which is continually going on 
there is required an enormous quantity of mouldings, the 
quality of which is hardly so important a consideration as 
their price. 

" Common, knotty, shaken, or cross-grained red wood 
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is not at all suitable for mould-making, and to meet the 
requirements of those who want cheap mouldings, some 
makers have produced a very tolerable article out of crown 
Riga white wood and mixed Swedish white wood boards. 
These boards come in long lengths, and they are therefore 
economical to use in that respect, and some that we have 
recently inspected bear an excellently finished surface. 
We have been informed on good authority that, provided 
the wood has undergone a proper seasoning treatment, 
the moulds, when placed in an inside position, stand 
exceedingly well. 

" There can be no doubt that one of the requirements 
of the times is well-finished white wood mouldings, struck 
out of well-seasoned wood, in good long lengths, and 
capable of being sold at a cheap rate. To the production 
of such an article our moulding-mills will sooner or later 
have to devote some measure of their attention. 

*' It is not at all necessary that the production of such 
mouldings should be regarded with disfavour, as tending 
in the direction of slipshod work. Certain builders 
require a sound but cheap article, and it is better that 
cheap mouldings should be struck out of the best white 
wood rather than out of common red wood or common 
pine. Best white wood will stand better than either of 
the two latter sorts of wood ; in fact, it yet remains to be 
proved that best white wood will not, if it be properly 
seasoned, stand for inside work the test of any con- 
ditions which may reasonably be expected to be required 
of it." 
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CHAPTER XXX. 

NOTES ON THE MANAGEMENT OF A SAW-MILL. 

In arranging a saw-mill the gi*eat points to be aimed 
at are economy and efficiency of production. First, as 
regards economy in working, it may be taken as a broad 
principle that it is chiefly secm^ed by reducing manual 
labour to the lowest limit by the introduction of mecha- 
nical appliances or labour-saving machinery, and by 
having the building and its an^angements well suited to 
the work to be perfonned. Again, in joinery and similar 
wood works where manufactm-ed articles are turned out, 
the division of labom- system should in all cases be 
carried out as far as possible ; this may appear old advice, 
but it will bear repeating. Owing to the scarcity of skilled 
labour and the high wages j^aid in America, the division 
of labour system and the introduction of special machinery 
have of late years made greater progi'ess there than in this 
country, and it is found that the workman by constant 
repetition of the same work will increase the output of 
his machine or hand labour 15 or even 20 per cent. 
In this country, although it must be admitted we labour 
under dififerent conditions, and the works are not as a 
rule of so great a magnitude, a man is often allowed to 
do a variety of work, the result being a reduced output. 
As regards the laboiu: employed, the highly skilled, and 



MANAGEMENT OF A SAW- MILL. 275 

consequently highly paid, workman, is as a rule the 
cheapest, the first difierence in cost being soon counter- 
balanced by an increased output from the machine, and 
ft better average qualit3% Where a steady and unifonn 
business of a certain class is carried on, we are strongly 
in favour of piece work. Much has been written for and 
Against this system, but as far as our experience extends/ 
a man is rarely or never found who will perform the same 
-amount of work whilst working by the day or horn: as he 
will whilst on piece work. Piece work, which by the 
way should never be cai'ried to excess, also encourages 
diligence and energy, and the skilful workman thereby 
reaps in wages his just value. Of course in some high 
classes of work, such as is sometimes found in cabinet- 
making or joiner}', it is difiicult to introduce piece 
work with advantage, but for tlie vast majority of wood 
manufactm'es it is undoubtedly the true S3'stem. 

Of com'se in piece work, workmen have the greatest 
interest in completing the work with all possible speed. 
Care must therefore be taken that it is not allowed to be 
scamped, and on no account should quality be sacrificed 
to quantity of output. Piece work has also the addi- 
tional advantage of ojffeiing a premium to the operator 
for keeping his machine and tools in constant use, and 
in the highest state of efiiciency. 

In some builders' or joiners' establishments it is the 
custom to allow the men to use some of the machines 
haphazard : thus, if a carpenter wishes a tenon, he goes 
and cuts it on the machine. Except in very small 
establishments, this practice is not necessary, and should 
be discouraged, as the knives or saws are never in order, 
fer what is every one's business is no one's. In some 
mills a man is employed to look after the tools and 
nothing else ; if an intelligent, talented man can be founds 

T 2 
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tluH is as it should be. He must, however, be a man 
that is not bound by prejudice, or s&y because his gi'and- 
father sharpened a saw or cuttes^ at a certain angle, that 
it therefore under all circumstances must be right ; but 
one who can ada^it himself to circumstances, and will 
not, to save himself trouble, use the same shaped tooth 
and ** set " for working poplar as he would for oak. In 
fact, the office of saw sharpener and toolman in a saw- 
jnills or joineiy works is perhaps the most important in 
the i^lace, as badly or improperly shai-pened tools means 
loss of power, output, and qualit}'. 

Where more than one saw is employed, a saw-sharpen- 
ing machine can be used with advantage. The economical 
advantages accruing from the use of a saw sharpener are 
considerable, it being capable of turning out at least as 
much work as six men shaq^ening by hand, and of better 
quality. All the teeth can readily be made of the same 
shape, space, lead, and depth of gullet, and they can be 
topped and proportioned all alike. At the same time 
the use of files and the fly press for gulleting can be 
dispensed with. The practice of touching up the saws 
with files after they have left the machine should be 
discountenanced, as tlie cutting action of the revolving 
emery disc used in the saw -sharpening machine, in addi- 
tion to engendering heat in the points of the saw teeth, 
owing to the rapidity of its motion through the air, 
causes a cooling process to go on at the same time, 
which, when the sharpening is completed, leaves the 
teeth with a considerable amoimt of hardness ; they con- 
sequently wear longer than if left with their " skin '' 
soft, as is tlie case with hand sharpening. The quality 
of the emery discs should be undoubted, and of not too 
coarse a giit. 

In large establishments where much green timber is 
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converted, to prevent the saw 
teeth becoming rapidly dulled 
and worn, it will be found advan- 
tageous to remove at any rate the 
rough scaly exterior poilJon of 
the bark : this can be done by 
passing the timber beneath a 
revolving cutter block, an-anged 
in advance of the saw teeth. The 
best plan with which we are 
acquainted is to mount a cutter 
block, in a pendulum frame, 
swinging from above. This 
should be counterbalanced by 
weight ; and the frame can easily 
be lowered to or raised from the 
log by a rope passing over a 
grooved wheel, and under the 
immediate control of the sawyer. 
Adjustable shields should be 
fitted to the cutter block, and 
allowed to act as guides to the 
cutter, raising or lowering them 
as they pass over any inequalities 
in the timber. 

As wooden block jjavement 
has recently been extensively 
adopted, it may be useful to con- 
sider the most rapid and econo- 
mical way of cross-cutting the 
deals, of which it is usually com- 
posed, to the proper lengths. 
After tiying several plans, we 
ai'e in favour of ari'anging, say 
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half-a-dozen circular saws on a spindle, mounted in » 
pendulum frame, and airanged to swing from above. 
The saws may be set any desired distance apart by 
means of collars. The wood to be cross-cut should be 
placed at right angles to the saws, on a table arranged 
with openings, through which the peripheries of the sawa 
can pass. 

With one man to s^ving the pendulum, and pass the 
saws through the wood, and anotlier to place the deals 
in position, a large amount of work may be got through. 
If preferred, the swing of the pendulum and saws may 
be made automatic, and worked by power, and the deals 
brought into position by an endless belt ; but this is only 
necessary where veiy large output is required. 

For cross- cutting logs where a steam cross-cutting' 
saw is not employed, we can recommend the American 
cross-cut saw, with teeth, as shown in our sketch (fig. 56)^ 
as being both rapid in action and clean cutting, with 
little drag on the saw. 

Again, all planing and moulding irons should be 
sharpened with the greatest possible accuracy, and at the 
proper angle for the various kinds of wood, &c. In the 
case of long irons, such as those used on tr}^ing-up 
machines, it is impossible to gi-md them true when held 
by the hand on an ordinaiy grindstone. For this pmpose 
the giindstone should be fitted with a compound slide 
rest, and a water-of-Ayr stone attached for setting the 
irons after grinding. It will be seen from the sketch 
(fig. 57) that the slide rest shown at the back of the stone 
is fitted with a screw arrangement, by wliich the irons 
can be set to any desired angle, and kept at that angle 
without moving when being shai'pened. By means of 
the slide and handle shown, tlie iron may be traversed 
across the face of the stone in one exact line ; should it 
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be necessaiy to take a second cut off tlie iron, it ±ay be 
readily set nearer to tbe stone by tlie hand wlieel shown 
at the back of tlie rest. The water-of-AjT stone is provided 
with a small extra trough and rest. 
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It will be found much better to sharpen moalding irons 
byjgrinding than by filing, as the process of softening the 
steel and rehardening is at the best uncertain, and tlie 
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nature of the steel is certiiiiily not improved. For giind- 
ing moulding ii-ons some half-dozen Bilston giindstones 
of about 14 in. diameter, and of thicknesses varying from 
1 in. up to 2 J in., are generally employed: these are 
mounted on a spindle fitted in a cast-iron trough supplied 
\rith water. The stones ai'e turned up to suit the shapes 
of tlie moulding irons most commonly in use. 

If many plane irons are in use, an automatic plane iron 
grinding machine may be employed with advantage, as 
by this metms a sti'aight edge and perfect bevel may be 
obtained on the irons with unskilled labour. An emery 
cup wheel for sharpening, instead of a disc or stone, will 
be foimd both cheap and accurate, the knife being ground 
to a truer bevel and less convex than is the case when 
using a solid disc or stone. The emery cup wheel 
should be mounted on the end of a spindle running in 
an adjustable sliding head or bracket, which can be 
advanced as the cup wheel becomes worn. The knife to 
be planed is fixed in an adjustable frame arranged to 
swivel to any desired angle, and this is momited on a 
travelling slide, which, by means of a rack and pinion or 
other gear, traverses the plane iron past the face of the 
cup wheel. By means of suitable stops the travelling 
slide may be made to traverse to suit either long or short 
knives, and to thro^v itself out of gear when the grinding 
is completecL If emeiy is employed to sharpen, the cut 
should always be light, or the temper of the edge of the 
iron may be damaged. 

For gi-inding down and shaping cutters the emery 
wheel will be foimd much more rapid and economical 
than either files or grindstone ; prejudice and the intro- 
duction of emery discs of an inferior quality have, how- 
ever, in a measure retarded their general use. If an 
emery disc of good quality is used, and a fair trial given 
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to it, it will, we feel sure, be found a most kbour-saviug 
and valuable implement. Emery wheels should in all 
cases be mounted on well-made and substantially-built 
frames, as they will be found to run better, and cut truer, 
and with less liability to accident, than if mounted in 
a rickety wooden frame, as is often the case. 

Emery wheels or discs can be very profitably employed 
for planing, dressing, or glazing metal surfaces, planing 
irons, chisels, &c. All kinds of emery wheels, saw 
sharpeners, Ac. should be arranged in rooms by them- 
selves, so that anj' emery dust that may arise in working 
may be kept away from the beaiings of any machines. 
If many wheels are in. use, it will be found best to use a 
small exhaust or suction fan, which will carry away the 
dust from the room as made. 

It has been many times asked. Which is the better for 
saw-mill work, a hard or a soft emery disc ? After con- 
siderable experience, we prefer a moderately soft disc, 
which will be found to cut quicker, and heat and glaze 
less than a hard one. It will, of course, wear out quicker 
than a hard disc, but anything lost in this way is more 
than repaid from the increased output. Another advantage 
in favoui* of the soft wheel is, that it requires less pressure 
to take a heavy cut, and therefore is less likely to case- 
harden the material on which it is operating. For rough 
grinding purposes, such as cleaning up castings, &c., a 
hard wheel should be used. For fine grinding or polish- 
ing a fine soft wheel is the best. As we have before 
remarked, it is false economy to use cheap wheels, as 
they are unsatisfactoiy in working and dangerous. Thin 
wheels of large diameter should be avoided ; unless for 
special work, nothing thinner than \ in. should be used, 
and this should be of a diameter not exceeding 12 in. 
For saw-sharpening purposes a thickness of -g- to f in.. 
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with a diameter of 12 in., will be found the most nsefiil 
sizes ; for very fine saw teeth a disc ^ in. thick may be 
nsed, but its diameter should not exceed 6 in. Care 
should be tiiken that no wheel is used that is twisted or 
warped, or at all out of balance, or of unequal thickness 
or density, as it becomes exceedingly dangerous when 
run at the high rate of speed necessary to do rapid and 
effective cutting. The best kind of emery wheels are, we 
believe, tiimed up and tested at a high speed in a lathe 
before being sent out, and if all wheels were so treated, 
accidents from wheels flying to pieces would be extremely 
rare. 

Emery wheels, for whatever purpose they may be used, 
should never be run without large washers or flanges on 
either side of them. These are best made slightly concave 
on their inner side, and a thin piece of packing — ^leather 
will do very well — placed between them and the wheel, 
and tightly screwed up. Care should be taken, however, 
that they are not screwed too tight, as thin wheels 
especially are Hable to crack under excessive pressure, 
and are then, of course, extremely dangerous. All emery 
wheels should be fitted with a strong guard, and they 
should fit on their spindles easily. Should a wheel 
become untrue, so that the centrifugal force set in 
motion makes it jump or run untrue in working, it 
becomes dangerous, and should be tm^ned up. The best 
way to turn up, bevel, or roimd emery wheels, is to use a 
diamond-pointed tool. In lieu of this, constantly damp 
the wheels with a sponge, and scrape or turn them with 
a thin piece of iron. This, however, is rather a slow 
process. If a wheel becomes glazed on the surface, in the 
first place wet it with a sponge, and scrape it with a piece 
of hoop iron. Should the glaze arise from grease, which 
is often the case, this will clean the wheel, and make a 
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fresh face. Wheels will, however, glaze on the face if 
they are iinsuited to tlie work they are doing. In this 
case a wheel of a different grit should be tried, or the 
face of the wheel should be roughed. All articles to 
be ground should be thoroughly cleaned from oil or 
grease. 

Emery wheels will be found extremely useful, not only 
for sharpening saws, but for grinding and reducing all 
kinds of cutters, and as their merits become better known 
their adoption will be more universal than they now are. 
A wheel about 20 in. in diameter by 3 in. wide will be 
found a suitable size for the general purposes of a saw- 
mill. It should be fitted with an adjustable slide for 
holding plane irons to any desired angle, although emery 
wheels, as we have before remarked, should not be used 
for putting a finishing edge on irons, but for reducing 
the back of the cutting edge to a proper angle. 

In working emery wheels great care should be taken 
that the}^ are run at a correct speed (see chapter on 
Speeds). If they are nm too fast they may fly to pieces, 
and if too slow they will not cut properly. We give 
some of the reasons which cause emery wheels to fly to 
pieces, so that they may be guarded against as much as 
possible : — (1) From running at too high a speed; (2) from 
cracking of the wheel at the spindle hole, by the expansion 
of tlie spindle, and from the wheel fitting too tight; 
(3) from a blow, or from screwing up the washers on 
side too tight; (4) fi'om the wheel being warped in 
shape, or unsound, or out of balance; (5) from the 
wheel becoming too hot, owing to the work being forced 
against it. 

A considerable source of danger in most manufactories 
is the grindstone, either from its flying to pieces, the 
danger in shifting the belt, or in the workman, when 
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grinding, getting his hand between the rest and the stone* 
In most cases the grindstone is driven duectly from the 
main shaft, and owing to the large power required to 
drive it or when the stone is being turned up, the belt, 
at any rate ^\itll lai'ge stones, is continually stretching 
and slipping oflf the driving pulley, and many fatal ac- 
cidents have occurred through forcing this belt on again 
by hand. In lieu of driving direct from the main shaft, 
it will be found safer in this case to employ a countershaft 
with fast and loose pulleys; and the striking gear to 
tlirow the belt on and off should be airanged immediately 
under the himd of the workman using the giindstone, so 
that in case of accident the stone may immediately be 
thrown out of motion. 

In speaking of economy in the saw-mill, it should, of 
course, be the aim of the management to thi'ow as 
little wood on to the waste heap as possible. Tliis is 
pailicularly the case in this countr}', where timber is 
dear, and where shoii stuff may be worked up into sashes, 
doors, box stuff, or firewood, with advantage; but in 
countries where much pine timber is gro^\^l it will often j)ay 
as well to bum it, as in many cases the cost of carriage and 
expenses in conveying the manufactured article to the 
maiket will considerably exceed the cost of convening 
rough timber to the same place, and thus the rough 
timber may be converted at the place of sale, and the 
residue made into box stuff, &c., at a less cost than the 
box stuff could be sent from the mill where it was made 
to the same mai'ket. At the same time, if the manu- 
factm^ed goods had to go thi-ough many hands, and 
became knocked about or damaged in transit, the selling 
price would be still further reduced. In isolated countries 
it therefore requires very careful consideration whether it 
will pay best to bmn or manufacture the waste wood ; 
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this consideration in some cases with which we are 
acquainted has not been given, and the result has been 
that the machinery employed has been thrown on one 
side. Again, the competition between rail and water 
carriage should be carefully studied. 

Owing to the nature of the fuel used in many saw-mills, 
the boilers are subject to the extremes of expansion and 
contraction, and they should therefore be managed with 
the gi'eatest care, to prevent any deposit of scale on the 
heating surfaces. 

Another impoi-tant i^oint in economical management is 
to always have the vaiious machines fully emploj^ed ; and, 
taking everything into consideration, it will be better to 
have a moderate number of machines fully occupied than 
a larger number only partially occupied. It is very 
essential that the machines should be exactly adapted to 
the work requu^ed to be turned out, but how often do we 
see people saddled with a lot of expensive jilant ill-suited 
to their wants ? 

In cabinet work and other manufactm^ed woodwork the 
cost price should be regularly taken out, especially if 
made by different sets of workmen, so that thej' may 
be compared and checked one against the other; this, 
however, is often neglected, and an article is assumed to 
cost a certain simi, whilst in reality it may be costing 
more. In taking the cost price, not less than 20 per cent, 
should be added for incidental expenses, such as tools, 
rejit, taxes, repairs, depreciation, gas, lire insm'ance, oil, 
and stores. We do not intend here to discuss the labour 
question, but without doubt the various trades imions in 
this country have done much to render competition with 
other countries much more difficult, by encouraging the 
system of higher wages and less production. 

Except when men are working on piece work, it is 
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advisjible tliat in all cases tliev should book their time on 

• 

all the work they are employed on without exception; 
altliougli in some eases tliis may not be necessaiy, it acts 
as a check on dav workmen if thev undei'stand that their 
time is likelv to be dissected. The wTiter has found the 
most convenient jJan is to book all work to an order 
lunnber as it comes in, and, as the work is given to the 
various men, this order number is given also, and the 
men directed to charge then* time to it; the cost price can 
thus in all cases be more readilv amved at. A small 
board for booking the time on, stamjied with a number 
coiresponding to that used by tlie workman, can be 
issued eveiT day as lie takes his ticket and given in by 
him as he leaves the mill after finishing work. 

In any mill where piece work is not in vogue the 
manager or foreman's office should be made chiefly of 
glass, and so situated that he can connnand a good view 
of the mill. A code of working rules should be drawn up 
and rigorously enforced. Another important point is to 
keep a supply of work always ready for each machine, so 
that they may never be kept standing, as should a work- 
man find himself nmning slioii of material, he will almost 
instinctively hang on the job. In cabinet or other w^ood- 
working establishments, where the men are veiy highty 
paid, this, of course, is especially impoilant, and, in 
addition, first-class men should never be employed on 
inferior work, and it will in lai-ge establishments be found 
to pay to employ labom'ers to bring the materials to and 
from the machines. 

Economy of material should also be carefully studied, 
as well as economy of labour. This is ver}^ often dis- 
regai'ded in woodworks, and all kinds of useful short ends, 
&c., which could be worked up, are thrown to feed the 
boiler. Again, men ai'e in the habit of taking a better 
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quality of wood tlian the nature of their work requu-es. 
This should be guarded against as far as possible, as the 
amount lost in one single instance may not be much, 
but multiplied many times over it soon reaches a respect- 
able sum. All stores should be charged to each machine, 
and it will be found well to give them each a number. 

In working a moulding and shaping machine, it will be 
foimd best to use one cutter only on tlie block, with a 
metal blank on the opposite side of the head to balance 
it, instead of two cutters sharpened to the same profile, 
as it is practically impossible to continually sharpen two 
complicated cutters exactly alike, as the temper of the 
steel may vary, and the wear of the cutters be unequal, 
the result being that wavy or imperfect mouldings are 
turned out. 

We must not omit to call attention to the necessity of 
keeping the grindstone used for sharpening the plane 
irons perfectly true on the face ; this can best be done by 
using a mechanical grindstone dresser, and for this pur- 
pose the little tool (Brunton's patent) which we illustrate 
at figs. 58 and 59 will be found extremely useful. The 
rest must be bolted firmly to the grindstone trough, and 
in such a position that the centre line of the tool spindle 
is in line with the centre of the grindstone spindle. In 
commencing to turn up the stone, see that the cutting 
tool is set at the right angle, and take a moderate cut, say 
\ in. deep. Do not take the cut right across the stone, as, 
should the stone be tender, a piece might be broken off 
by the cutter at the edge. Therefore stop the cut two 
or three inches from the edge (according to the size of 
the stone), and withdraw the cutter from touching the 
stone, slack the nuts, and turn the top of the rest so as to 
cut the opposite way ; and turn the portion of the stone 
left to the same diameter as the remainder. Never draw 
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the cutter back across the stone for a fresh cut whilst it 
is touching. If the grindstone ia very tender, break off 
the corner of the stone with the tool hefore taking a cut. 
The stone may be turned either ivet or drj-, but by 
preference it should 
he damp, as no dust 
is made. 

We have already 
given some notes on 
the management and 
working of saws. 

Waste of steain 
power is a fruitful 
cause ofloss; in a, saw- 
mill, perhaps, more 
tlian in most other 
factories. There are 
several ways of guard- 
ing against this. First, 
by tlie employment of 
an engine fitted with 
iin automatic expan- 
sion slide, which regu- 
lates the consumption 
of the steam to the 
power required to 
drive the machines ac- 
tually in motion. In 
engines not so fitted 
much depends on the boiler attendant, who should, after a 
little experience, be able to gauge the average pressure 
required, and keep his boiler close to this point : but 
how often do we find boilers either lilowing off, or the 
pressure of steam down so low that, if an extra saw bench 
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is put on, the engine sxieed is immediately slackened, and 
all the machines made to ran mider their speeds, with a 
corresponding loss in the quality and quantity of the 
output. In some cases also a machine has to stand till a 
higher pressure of steam is obtained. 

It is important that a thoroughly good mill foreman is 
employed — a man who knows what to do and how to do it 
— and we are in favour of allowing a foreman, in addition 
to his weekly wages, a small bonus or commission on 
results above a certain point ; it is astonishing even with 




steady, honest men, what a fillip their energies receive 
when they think they are working for tJtemselves. If 
piece work is in vogue, the sub-contracting of it should 
not he permitted under any circumstances, as the result 
is, almost invariably, either bad workmanship or under- 
paid or overworked men. In a mill for wood conversion 
money is often lost from the plant not being completed 
with those additions which in any degree lessen the 
labour of handling the material or keeping the various 
tools in a greater degree of efficiency. The various 
useful articles which we shall enumerate are not, of 
course, necessary to every class of wood conversion, bnt 
may be added or left out, ae necessity dictates. In 
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large saw-mills tlie use of the following will be found 
advantageous : — 

Wellington traveller, plane iron grinder, with water of 
Ayr stone attached (in lieu of water of Ayr stone an 
emery composition disc may be used), moulding iron 
grinder, giindstone dresser, saw-sharjiening machine, 
band saw-sharpening frame, packing pieces for saw 
frames, dui)licate sets of cuttei*s, forge, portable -sdce, 
pulley blocks, belt stretcher, belt shifter, belt fasteners 
or laces, hand-tnicks or tramways for conveying material, 
timber-hauling api^aratus for ditto, extra lubricators, emery 
wheels, Turkey stones, saw-files, oil, &c. 

A steam glue heater, heated by the exhaust steam, 
should be used in cabinet and joinery works, also buffing 
wheels, and where doors, tables, &c., are made, sand- 
papering machines will save a large amoimt of hand 
laboiu*. We do not recommend the use of a gulleting 
press for re-toothing saws; the teeth, in fact, should 
never be allowed to get so short as to make re-toothing 
necessary: the gulleting should be done with the saw- 
sharpening machine. 

All stores should be under the charge of one man, who 
should book against each the things given out. Dirt 
and confusion in a mill should be strictly avoided ; in 
fact, there should be a place for ever}^thing and everything 
in its place. 
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CHAPTER XXXI. 

PORTABLE SAWING MACHINERY FOR FOREST USE. 

In countries where the distances and cost of transi)ort 
are great, it will often be found most economical to con- 
vert timber in the forest close to where it is cut down ; 
it can thus at once be made into a marketable form, in 
the shape of flitches, deals, boards, or panelling, and 
a considerable amount of haulage saved. As regards 
motive power a portable engine is the best form to 
employ, as it may readily be moved from place to place ; 
this should be constructed with an extra large lire-box 
for burning chips and sawdust. 

For log sawing a portable timber or reciprocating saw 

frame is to be preferred ; all the working parts should 

combine strength with lightness as far as possible, so as 

to facilitate transpoii;, and they should be extremely 

well made to avoid the chance of a breakdown. The 

carriage and side framing should be on the "box" 

system, which ensures increased rigidity and steadiness 

in working without increasing the weight. With this 

object in view the base of the frame should be bolted to 

long pieces of timber which should rest on the ground. 

The travelling wheels on which the frame is mounted 

should be let into the ground somewhat, and wedged up 

with pieces of wood. The general arrangement of the 

u 2 
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machine is similar to an ordinary log frame, and a 
moveable apparatus for cutting deals may or may not be 
fitted. It will be found preferable to drive the swing or 
saw frame by means of a bell crank from the main or 
crank shaft. The carriage carrying the machine should 
be arranged to turn at any angle, and the iron rails which 
support the timber caiiiages should be fixed on longi- 
tudinal timber, and set to a dead level. The timber 
carriages should be fitted with adjustable clips and 
transverse arrangement to facilitate the cutting of twisted 
or crooked logs. The frame may be driven by a belt 
direct from the engine. No countershaft or intermediate 
gear being necessary, it will be better to drive off a 
pulley fitted on the engine-crank shaft than off the 
fly-wheel itself. 

A portable circular saw bench is also well adapted for 
forest use ; it can be mounted on a pair of strong iron 
wheels, and fitted with shafts for a horse, so that it can 
readily be moved from place to place. It can be used 
with advantage in conjunction with a log frame, and if 
employed for edging flitches or deals two or more saws 
should be mounted on the spindle. The main frame of 
the bench should be cast in one piece, and the travelling 
wheels mounted in slides, so that they need not be re- 
moved when the bench is required to work, but by means 
of a worm and worm-wheel, or other suitable gearing, 
the bench may be lowered to the ground, and the wheels 
stow themselves away below the top of the bench frame. 
A drag-rope feed saw bench is preferable to any other 
for forest use, except a rack bench, which is as a rule 
too ponderous to be moved about with facility. If a 
rack saw bench is used, to secure portability, it should 
be constructed chiefly of hard wood, and so jointed that 
it may readily be taken to pieces. In all machines used 
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in the forest, complication should be avoided, as, should 
a breakdown occur and the nearest engineer reside some 
hundreds of miles away, as is often the case, a great loss 
is occasioned ; in fact, it is advisable that duplicate sets 
of bearings, &c., should be taken witli the machines, and 
these could be fitted to their places by the engine-driver 
or sawyer. 

Mechanical tree-fellers have come into slight use in 
some districts, but as we have in our previously published 
book * noticed these, we shall not here dwell further on 
them. Forest machinery should be carefully fixed before 
being set to work, as any little time spent in this way is 
amply repaid by an improved qualit}'' of output. 

Extracting Roots. 

For removing the stumps and roots of heavy timber 
nothing is so effective as a charge of dynamite, and as the 
use of this explosive becomes better understood it will 
doubtless come into more general use for the purpose. 
An antifriction or rolling cam-press has also been used 
with more or less success. For extracting roots, stones, 
or stumps of moderate dimensions, the little appairatus 
we illustrate herewith (fig. 60) will be found extremely 
useful. As will be seen from the sketch, the lifting 
power is obtained by means of a lever and catch, acting 
on a ratchet wheel, and the power of which one man 
working on the lever is capable of exerting is from five to 
six tons. Owing to its extreme simplicity, it is not likely 
to get out of order, it can be readily moved from place to 
place, and will be found of considerable value in clearing 
land. The shear poles are usually made from 7 ft. to 

* " Wood-working Machinery : Its Else, Progress, and Construction," 



394 SA W-MILLS. 

10 ft. high, genei-ally allowing sufficient room for a low 
truck to be run beneath tlie loots, and they may thus 
eaeily be removed from tlie ground. Another method 
often employed in Canada for remoTing very obstinate 
stamps is to bore several Iioles in a vertical direction 
through the »tump, then fill these holes ivith coal oil, and 
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allow it to Boak into the wood, continuing the operation 
until the stump is pretty well saturated ; a good fire must 
then be lighted round it, when it will, if the plan has 
been properly carried out, bum right down into the 
ground. 

There are many other varieties of stump extractors 
amongst those used in America and other countries, 
where much land clearing has to be done; we may 
mention the following : — An extractor consisting of a 
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lever and claw arrangement : the lever is mounted on 
strong wheels which act as a fulcrum, and the claw 
catches over the stump in a way somewhat similar to a cant 
hook. Horses ai'e used to pull the lever over by means 
of a strong rope, and this tips or levers the stump out of 
the ground. Another plan is to mount a toggle in a 
fi-ame fixed over the stump : an upright hoisting bar and 
lever are also fixed in the frame, and these are worked by 
means of chains or ropes. Capstans are also used for 
stump extracting : these are usually fixed to another and 
stronger stump, and the capstan lever turned by horses, 
the chain attached to the stump being at the same time 
wound round the capstan baiTcl. Windlasses worked b}'^ 
horses and a screw hoist mounted on a trolly and worked 
by hand are also considerably used. 

When many logs are felled in countries where there is 
much snow, sledges ai*e lai'gely employed for transporting 
them. It ^vill be found best to fit these with shoes 
of Bessemer spring steel, shaped to the runner but 
with a convex or rounded bottom which will pre- 
vent the sledge from slewing on hilly ground. The 
bolt heads should in all cases be counter-sunk into 
the shoe. 
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CHAPTER XXXII. 

ORDERING 3HACinNERY, SAWS, ETC. 

In ordeiing or obtaining quotations for macliinery be 
as explicit as possible. (1.) State the exact range of 
work you wish to perfonn, and the amount of it. (2.) 
If you know tlie t^'pe and size of the machine that will 
suit yom* requirements, state them. (3.) If there is any 
thing special in the nature of the wood to be worked 
state it, or send a sample. (4.) State how your machinery 
is driven, whether from above or below, and give speed 
of shafting from which you proi)ose to diive. (5.) Should 
there be any difficulty as regards foundation from water 
or otlier causes, name it. (6.) In the case of renewals or 
repaii's, send the old parts, if possible ; if not, an exact 
sketch of what is requh'ed. 

Ordering Saxes. 

In ordering circular saws, the following particulars 
should be sent to the manufactui'er : — 

(1). Diameter of saw. 

(2). Gauge of saw and shape of teeth, or state kind of wood it is in- 
tended to cut, whether hard, soft, or medium. 
(3). Size of spindle and pin-hole, and distance from centre to centre. 
(4). If taper or ground-off saws are ordered, state variations in gauge. 
(5). Space or number of teeth required in each saw. 
<()). Rate of feed. 

Frame or Mill Weh Saws. 

(1). Give length of blade over all. 

(2). Give width from back of saw to points of teeth. 
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(3). Give thickness by Birmingham wire gauge. 

(4). If desired to be ground taper, say the amount or the variation in 

gauges at the front and back of saw. 
(5). State if for hard or soft wood, or send sketch of the saw teeth, 

and number required per G in. 
(6). Say if saws are to be buckled ; if so, give length of swing-frame 

or saw-gate over all, and the width of the cross-bars of same. 
(7). Give highest rate of feed pej minute. 

Hand Saivs. 

(1). Give length, width, and gauge (B.W.G.) 

(2). Give number of teeth to the inch, and whether for hard or soft 
wood. 

(3). Give whether they are to be brazed, set and sharpened, or other- 
wise. 

(4). Give size of saw wheels and speed of saw in feet per minute. 

Fret or Jigger Saivs. 

(1). Give length of saw from centre to centre of pin-holes, 
(2). Give width and gauge of saw and number of teeth-points to the 
inch, or say whether for hard or soft wood. 

Plane Irons. 

(1). Give length, "width, and thickness of saw. 

(2). Send template or sketch showing length, width, and position of 

slots for bolts. 
(3). Give bevel you wish the irons ground to, or say whether to work 

hard or soft wood. 

Moulding Irons, 

(1). Give sketch, or send template or section of moulding required. 
(2). Give position of slots, size of block. 
(3). State whether hard or soft wood is to be worked. 
(4). If for irregular moulding and shaping machines state type of 
iron required, and how irons are held in position. 

Mortise Chisels. 

(1). State type of chisel required, and for what purpose. 
(2). Send template or exact sketch of socket. 
(3). Give widths of chisels and the lengths required, from socket. 
(4). With rotary machines give exact sketch, or send pattern of cutter 
with size of socket. 
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Boring Augers. 

(1). State type and size of augers, and for what parpose they are le* 

quircd. 
(2). Send tcm])late or exact sketch of socket and length of angers* 

from socket. 

Emery Discs or JVlieels. 

(1). Give diameter and thickness of disc, and if rounded or bevelled 
on the edge, give exact profile. Say for what parpose they aze 
required. 

Birminglmjn Wire Qauge. 
Our illustration (fig. 61) shows the Birmingham Wire, 
now almost imiversaUy employed for giving the exact 
thicknesses of saws. 
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FIG. 61. 

The annexed table shows the numbers by which the 
several sizes of wires are distinguished according to the 
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" Birmingham Wire Gauge," and tlie diametere of 
each in decimals of an inch and in millimetres (Holt- 
zapflFel). 



N08. of the Wires 


Diainetere of Wires in 


acconling to Bir- 
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Bvjfinrj Secondhand ilachinery. 

Ah a nilc our advice as to buying second-hand 
miu:h\U(*ry is — don't. Butifj'ou will do so, go to the 
expcnnc of having it carefdlly examined " by one who 
known/* before the pui'chase is concluded, or you may 
liavo to pay nearly as much to have it overhauled, and 
put into proper working order, as the difference in cost 
betw(?en second-hand and new. This advice is parti- 
cularly n({C(fHHary with complex machines. We will 
illiiHtrato our meaning by a case, which recently came 
bofonj UH. A Haw-mill owner purchased at a sale a 
HtoiUii niortiKing and boring machine in good order, as it 
iippniiriMl to him. As far as design went the machine 
WHM lUirly primentablo; but it was of the so-called 
"ohtMij)*' inalc(», and when it was set to work, it was 
foun<l ilmt iho movtiHing chisel and boring bit were out 
of lino* ThiH nooossitatod the re-boring of the bearings, 
and \\H Hovoral other paiis were out of truth, om* 
iVlond aliofjothor found himself in possession of a deai- 
•' bargain/* whioh oould never be made a thoroughly 
Korvlot^wblo and saii^faotory tool. Do not purchase old 
oui-of*\lato maolnuo8, booauso they can be had cheap, as 
it ni^vt^r jmy8, th^ t|uauUty and quality of the outi>ut 



ORDERING MACHINERY^ SAWS, ETC, 301 

being less, and the machine as a rule constantly need- 
ing repairs. In examining a second-hand machine, look 
first to the main framing, and see that it is substantial — 
if possible, cast in one piece, and not bolted together in 
sections — and massive enough to overcome any vibration 
in working. Examine the bearings and bushes : see if 
they are substantial, and not worn thin. Examine the 
various slides, &c., and see that they are true, and do 
not require lining up. A purchaser should also be guided 
by the name of the maker of the machine. 
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CHAPTER XXXIII. 

RULES AS TO MEASUREMENT OF TIMBER, ETC. 

The usual formula for calculating the cubic contents 
of round timber in England is the following : — 

1. Cuxtmii Ifmii*" CaJItpn' Mrrmvre. — The diameter (in inches) sqaared. 
multiplied by the length of the log (in feet) divided by 183. The 
quotient is the cubic contents. 

2. String Mcuxiirc. — One quarter of the circumference of the log (in 
inches) sciuared, multiplied by the length of the log (in feet), divided by 
113. The (luotiont is the cubic contents. 

The erroneous way of calculating for string measure is when 144 is 
made the divisor. 

Deals, 

To ascertain the price of deals when the price per 
hundred is known : — 

Jivle. — Multiply the number of pounds by twopence, or double it, 
which will give the number of pence each deal is worth. 

Example. — If deals be per 120, £30, it stands 30 x 2 = &0d, or 6«. 
per deal, and rice, verxd — 

If the price per deal be known, to ascertain the value 
per hundred. 

Jlvlr. — Reduce the value of the deal into pence and divide by two, 
will give the value in pounds per hundred. 

IJjraviplr. — If the price of a deal be 5*. or GOd, it will stand GO -r- 2 
= 30, or £30. 
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Slwrt Methods for redtictio^ of Pnce. 

To find the value of 12' x 9" X 3" at a rate per 
hundred, 120.12 9 3. 

Double the number of £, and make pence of same. 

Example 1. — Deals @ £12 

2 



24=2/f. per deal 12 x 9 x 3. 



To find the value per hundred, at a rate per deal. 

Halve the number of pence, and make £ of same. 
Exavqyle 1.— 12' 9" 3" @ 2s. Sd. = 32r7. 

half = £1G per std. hundred, London. 

Example 2.— 12' 9" 3" @ 2>f. ^\d. = 304^. 

half = 15J = £15 6*. per hundred, London. 

To find the value per running foot of 9" X 3" at a 
rate per hundred, London. 

Divide the £ by 6, and make pence. 
Example— @ 6 )£16 Qs. Od. 

2| per running foot. 



Sawing is usually charged at per 100 square feet, but 
deals are sometimes charged at so much per dozen cuts, 
and according to their length. 

To find the square side of unequal-sided timber : — 

Jivle. — Multiply the two unequal sides together, and the square root of 
the product will be the answer. 

Lathtvood, 
To reduce a specification of lathwood to the number of 
fathoms of any particular length : — 

Example, — How many fathoms of 4 ft. in length are there in the 
following 1 

4 fathoms, 8 ft. 
5 
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Jlulr,- 


-Multiply the nuinlxir of fathoms by the length, and diWdc the 


totAl by 


the length of fathom rciuircd. 


Thus :- 




4x8 = 


32. 




5 X r, = 


3<>. 




4x5 = 


20. 




4 X 4J = 


18. 




5x4 = 


20. 




7x3 = 


21. 



4)141 



Anmccr : 35^ fathoms of 4 feet. 

Another way, and advisable to use when there are 
fractional parts of fathoms to reckon, is to find the 
number of cubic feet in the specification, and divide it 
by the number of cubic feet in the lengtli of fathom, in 
which tlie result is required. 

Prepared Flooring. 
To find the number of squares in a room. 

1 wiuare =100 superficial ft. 

^lultiply the length hy the breadth. 

Ea'ample 1. — Room 20 x 15 

15 

3,00 = 3 squares. 

Planed and jointed flooring is sold either by the " leaf" 
or " square.** 

IIhU, — If Kold by the square, multiply length of each leaf, in feet, by 
breadth in inches, and divide product by 12 : result will be number of 
superficial feet in each leaf. The number of such leaves retiuired for 
square is easily obtained by dividing into 100. 

Or, multi])ly the numl)er of square feet by 12, and divide by " length 
of boartl, multiplied by breadth." 

lioofuuj Measurements, 

Method of Jinding Kumher of Sfjuares in Hoof 

Given the length and breadth of building, to find num- 
ber of squaroR for raftering. 
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Length of house, 40 ft. in clear, or including 2 walls of 18" thick 
= 43 ft. ; breadth, 18 ft. in clear, or including 2 walls of 18" thick 
= 21 ft. out to out. 

The two-thirds of breadth, 18', will give length of rafter ; therefore, 
rafter = 12 ft. 

Each side of roof will be 40' x 12' = 480 

40 X 12 = 480 



9.C0 



Or 9J square nearly for raftering. 

Method of finding the Number of Suj)erjicial Feet in Greenlvome 

(" Lean-to " or Single Koof). 

Multiply the length of house by height of front sashes, including sole 
and wall-plate. 

Multiply the breadth of house by four times the height of front sashes, 
including wall and sole-plate. 

Multiply length of house x length of rafter. 

Add above, and result will be number of superficial feet in greenhouse. 

Metlwd of finding Kuviher of Sujferficlal Feet in GreenJumse 

(Doub]43 or Single Roof). 

Multiply length of house by twice the height of front sashes, including 
wall and sole plate. 

Multiply breadth of house by four times the height of front sashes, 
including wall and sole-plate. 

Multiply length of house by twice the length of single rafter. 

Add above, and result will be number of superficial feet in greenhouse. 

Vahie of the different Standards {Peddle). 

1 Deal, or Batten, 11 ft, 9 in. x \\ in. = a Christlania Standard. 
lOfg Superficial of 1 inch . . . . = 

120 Deals or Battens, 11 ft. 9 in. x \\ iu. = 

60 „ „ 15 ft. 11 in. X 14 „ = 

1320 Bunning feet 9 „ x 1^ in. . = 

900 „ 11 „ IJ „ . . = 

1237J Superficial feet of 1 „ . = 

990 „ „ 1;|: „ • • = 

103J Cubic feet = 

A Christiania Standard is = |} of a Drammen Standard. 
,, „ = ^ ,, Petersburg „ 

„ „ = I „ Quebec „ 



Hundred. 
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To conTert a Christiania into a Drammen Standard 11 — 13. 

Petersburg „ 5-2-8. 

Qnebec „ 3-5-8. 

1 Deal or Batten, 9 ft. 6} in. x 2} in. = a Drammen Standard. 
12j)| Sapcrficial feet of 1 in. . . . = 

120 Deals or Battens, 9 ft. r J in. x 2\ in. = 
120 „ „ 13 „ 9 „ X U „ = 

60 „ „ 18 „ 6i „ X 2i „ = 

1560 Running feet 9 .. x IJ in. . = 

1080 „ „ 6i „ X 2i „ . . = 

1462) Superficial feet of 1 in. . . . = 
1170 „ „ \\ 

121 J Cubic feet . 
A Drammen Standard is = 1 fj of a Christiania Standard. 
„ »» = 55 »» Petersburg ,, 

„ »» ^^ iw »» VfiUebec „ 

To convert a Drammen into a Christiania Standard x 13^11. 

Petersburg „ x 65 -e- 88. 
Quebec „ X 39 -=. 88. 

1 Deal or Batten, 12 ft. 11 x IJ = Petersburg Standard. 
16J Superficial feet of 1 inch 

120 Deals or Battens, 12 ft. 11 
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1440 Running feet, 1 1 x li 
720 „ „ 11 X 3 

1980 Superficial feet of 1 inch 
000 „ „ 3 

105 Cubic feet 
A Petersburg Standard is = Ig of a Christiania Standard. 

= l?i| „ Drammen 
= g „ Quebec 
To convert a Petersburg into a Christiania Standard x 8 — 5. 

Drammen „ x 88 -f- 05. 

Quebec „ x 3 -t- 5, 

1 Deal or Batten, 12 ft. 11 x 2J = Quebec Standard. 
271 Superficial feet of 1 inch . 

100 Deals or Battens, 12 ft. 11 

100 „ „ 11 „ 11 

1000 Running feet of 11 x 3 
2750 Superficial feet of 1 inch 

9108 „ .. 3 

229J Cubic feet 
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3300 Superficial feet of 1 inch . = Quebec long Hundred. 
120 Deals or Battens, 10 ft. 11 x 3 = „ „ „ 
A Quebec Standard = 2| of a Christiania Standard. 
„ „ = 2jg „ Drammen „ 

„ „ = 1| „ Petersburg „ 

To convert a Quebec into a Christiania Standard x 8 -;- 3. 

Drammen „ x 88 -r- 39. 

Petersburg ,i x 5 -j- 3. 
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Measurement of Standing Timber. 

The theory of the plan we give here is founded on the 
first eight propositions of the sixth book of *' Euclid/* 





FIG. 62. 



and an accuracy is claimed for it superior to the systems 

ordinarily employed. 

To ascertain height of tree : — Having procured a strip 

of wood (A B) fig. 62, or other material, of any convenient 

length, say 6 in., and having attached it to a string (C D) 

three times the length of the strip, capable of sliding uj) 

X 2 
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and down h, the obsenrer most place himself at snch 
distance from the tree, that the top and bottom of tree 
and strip— Tiz., the points D A E, D B F, are each in 
line ; then the hei^t of the tree in feet will be eqnal to 
the observer's distance, in yards, from its base. The 
string most be kept parallel to the ground, and of course 
tight, its extremity (D) being held close to the eye, and 
the strip held in a vertical position, or rather parallel to 
the tree. 

Measurement of Standing Timber. 

The following is another plan : — Take an upright 
stick, about 6 feet long, with a cross piece at the top 



Ground line. 



B 



MeoDuring Stick. 
FIG. 68. 

set at an angle of 27"^ (see fig. 68), so that the distance 
fi\)m tlio base of the stick to the point A on the ground, 
whoro tlie line from the upper edge of the cross-piece 
moots tlio gromid, sliall be twice the height of the stick, 
O B. To use it, walk away from the tree, holding the 
stick upright until the top of the tree is in a line with 
tho upi>or edge of the cross-piece ; then look down the 
otx^ss-piooo for tlio {Kont A on the ground, and the 
hoigla of tho trt(>o is half the distance frx>m A to the root 
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of the tree. Or the cross may move on a joint, and the 
stick be fixed upright in the ground, and the cross-piece 
be moved, until the upper edge be in a line with the top 
of the tree ; then as A B is to B C, so is the distance 
from A to the tree to the height of the tree ; but the 
fixed one is the least trouble in practice. 

After considerable practice, many men will guess the 
quantity of timber in a tree with tolerable accuracy. 
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CHAPTER XXXIV. 

TDtlBEB TRADE MISCELLANEA^ TABLES, ETC. 

Boards when 7 in« broad are called battens. 
,, 9 in. „ ,, deals. 

,, 11 in. „ ., planks. 

A Christiania standard is five-eighths of a Petersburg standard, or 
103^ cubic feet. 

A Dram standard contains 12 1{ cubic feet, or about three-fourths of a 
Petersburg standard. 

A batten standard is 120 pieces of 12 ft. long, 2 J in. by 6 J in., containing 
1462 running feet to the Petersburg standard. 

A Petersburg standard hundred is 120 pieces of 1 J in. by 11 in. by 12 ft* 
long, or 60 pieces 12 ft. long of 3 in. by 12 in., and contains 1440 ronning 
feet, or 1960 superficial feet of 1 in. boards, or 165 cubic feet. 

An Irish standard is 120 x 12 ft., 3 x 9 in., and contains 270 cubic 
feet. 

A London standard is 120 x 12 ft., 3 x 9 in. deals. 

A Swedish standard deal is 14 ft., 3 x 10 in. 

A Norwegian standard deal is 12 ft., 3 x 9 in. 

A fathom is 6 ft. cube, or 216 cubic ft., so that a Bully 12 ft long and 
6 ft. broad, and laden 3 ft. high, contains a fathom. Estimated weight, 
3} tons. 

A cord of wood measures 8 ft. x 4 ft. x 4 ft., and contains 128 
cubic ft. 

A stack of wood measures 12 ft. x 3 ft. x 3 ft., and contains lOS 
cubic ft., being just half a fathom. 

Fir timber is carried at 60 cubic ft. to a ton. 

Hardwood is carried at 40 cubic ft. to a ton. 

Lathwood is generally stacked in fathoms of 216 cubic ft., and otherwise 
in piles measuring 6 ft. x 6 ft. x 8 ft., containing 288 cubic ft. 

1000 running ft. of 3 x 11 in. deals is a Quebec standard hundred. 

112 ft. 2} in. X 11 in. deal, or 110 ft. 3 x 11 in. deal is a Quebec 
standard deal* 
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For rough calculation, a square of 1 in. flooring boards may be 
reckoned at ^th of a standari, so that at 10«. per square, a standard may 
be computed at £10, which is only 17o more than the true value. 

In ordering flooring boards, allowance of \ in. should be made on each 
board for loss in breadth through grooving, tonguing, and waste. 

000 square feet 1 in. boards equals 1 load of 50 cubic feet. 

400 „ 14 in. „ 

300 „ 2 in. „ 

200 „ 3 in. deals 

160 „ 4 in. „ 

218 running feet 3 x 11 deals 

267 „ 3x9 

343 „ 3x7 
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A stock comprises 1 x 3 in. deal, with 2 cuts making 3x1 in. boards. 

3 cuts „ 4 X f in. 

4 cuts „ & X 4 in. 

5 cuts „ 6 X I in. 

6 cuts „ 7 X I in. 












A square of flooring boards ;— 

1 J X 7 weighs about 3 J cwt. 
li X 7 „ 2i 

1x7 „ 2i 

i X 7 „ li „ 
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A bundle of rock laths 20 x 1 in. squaie — 

1 X 3 X 11 in. deal with 2 cuts and 9 rips makes 30 laths. 
1 X 3 X 9 in. „ 2 cuts and 7 rips makes 24 laths. 
1 X 3 X 7 in. „ 2 cuts and 5 rips makes 18 laths. 
A bundle of plaster laths contains 360* running feet, and will cover 
34 square yards. 



Lathwood. 



10s Cubic feet 1 Fathom 3 feet. 

126 „ 1 „ 3J „ 

144 „ 1 „ 4 „ 

162 „ 1 ,, 4i „ 

180 „ 1 „ 5 „ 

216 „ 1 „ 6 „ 

2o^ „ • * . • • • -^ >> • >» 

288 „ 1 „ 8 „ 
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Laths* 

180 Plaster Laths 1 Bundle 2 feet. 

140 
120 
100 



90 

80 
72 
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The following materials upon an average will weigh 
1 ton. 



Ash 

Baltic Fir 
Beech . 
Deals • 
Elm • 
Ebony 

Lime • . 
Maple • 
Mahogany • 
Oak . 

Oak, seasoned 
Pine 

Scotch Fir . 
Walnut • 



cubic feet. 




from 37 to 45 
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60 „ 


60 
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42 „ 


60 
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65 „ 


65 




»> 
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60 
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27 „ 


30 
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56 „ 


59 
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48 




»» 


S4„ 


86 
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82 „ 


39 




»> 


32 „ 


48 
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55 „ 


60 
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66 
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100 feet superficial is 1 square. 
12 — 12-feet boards, 9 inches wide, laid rough . 

12J — 12 „ 9 „ „ edge-shot 

13 — 12 „ 9 „ „ wrought and la 

14 — 12 „ 9 „ ,, wrought and laid straight 

joint . . . = 1 
16 — 12-feet battens, 7 inches wide, laid rough . = 1 square. 

16J— 12 „ 7 „ „ edge-shot . . = 1 „ 

17—12 „ 7 „ „ if laid folding = 1 

18 — 12 „ 7 ,, „ straight-jointed = 1 



>» 






Miscellaneous Table. 

A barrel bulk is 5 cubic feet. 
A ton of shipping is 42 cubic feet. 
A load of unhewed timber is 40 cubic feet. 
„ squared timber is 60 cubic feet. 
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A load of 1 inch plank is 600 square feet. 

„ IJ „ is 400 

„ 2 „ is 300 

„ 2J „ is 240 

„ 3 „ is 200 

„ 3i „ is 170 

,, 4 ,, is 150 

„ bricks is 500. 

), tiles is 1,000. 

„ lime is 32 bushels. 

;, sand is 36 bushels. 
A hundred of deals is 120. 
A hundred of nails is 120. 
A thousand of nails is 1200. 
A ton of iron is 2240 pounds weight. 
A fodder of lead is 19J cwt. or 2184 pounds. 
A hundred of lead is 112 pounds. 
A stone of glass is 5 pounds. 
A seam of glass is 24 stones. 
A square of flooring is 100 feet. 
A rood of building is 36 square yards. 
A palm is 3 inches. 
A hand is 4 inches. 
A span is 9 inches. 
A cubit is 1} feet. 
A fathom is G feet, or 2 yards. 
A military pace is 2} feet. 
A geometrical pace is 5 feet. 
An ell English, is 1} yard, or 45 inches. 
An ell Scotch is 37*0598 inches. 
A pole, perch, or rod, is 16 J feet. 
A fen or woodland pole or rod is 18 feet. 
A forest pole is 21 feet. 
A square pole or rod is 272| square feet. 

A chain is 4 poles or rods, or 22 yards, and consists of 100 links, each 
^ of a yard, or 7*92 inches long. 

An English acre is 4840 square yards, or 10 square chains, or 100,000 
square links. 
A Scotch acre is 5760 square ells, or 6104*128 square yards. 
An Irish acre is 7840 square yards ; an Irish perch or pole, 7 yards. 
A yard of land is 30 acres. 
A hide of land is 100 acres. 
A furlong is 40 poles. 
An English mile is 1760 yards. 
A Scotch mile is 1976} yards. 
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An Irish mile is 2240 yards. 

A geographical or nautical mile is 2025| yards. 

A league is 3 nautical miles. 

A degree is 60 nautical miles, or 69J English miles nearly. 



Items about Wood, dc. 

Timber for Posts is rendered almost proof against rot by thoroogh 
seasoning, charring, and immersion in hot coal tar. 

Increase in Strength of JHfferent Woods hy Seasoning, — White pine, 
9 per cent. ; elm, 12*3 per cent. ; oak, 26*6 per cent. ; ash, 44*7 per cent. ; 
beech, 61*9 per cent. 

Comparative Itesilience of various Kinds of Timber. — Ash being 1, 
fir '4, elm '54, pitch i)ine '57, teak '59, oak "63, spruce '64, yellow pine 
•04, cedar '66, chestnut '73, larch '84, beech '86. By resilience is meant 
the quality of springing back, or toughness. 

To Bend Wood, — Wood enclosed in a close chamber, and submitted to 
the action of steam for a limited time, will be rendered so pliant that it 
may be bent in almost any direction. The same process will also 
eliminate the sap from the wood and promote rapid seasoning. 

Fircproofing for Wood, — Alum, 3 parts ; green vitriol, 1 part ; make 
a strong hot solution with water ; make another weak solution with 
green vitriol in which pipeclay has been mixed to the consistence of a 
paint. Apply two coats of the first dry, and then finish with one coat of 
the last. 

To Prevent Wood from Cracldng. — Place the wood in a bath of fosed 
paraffin heated to 212 deg. Fahr., and allow it to remain as long as 
bubbles of air are given off. Then allow the paraffin to cool down to its 
point of congelation, and remove the wood and wipe off the adhering 
wax. Wood treated in this way is not likely to crack. 

Comparative Value of Different Woods, showing their crushing 
strength and stiffness :— -Teak, 6,555 ; English oak, 4,074 ; ash, 3,571 ; 
elm, 3,468 ; beech, 3,079 ; Quebec oak, 2,927 ; mahogany, 2,571 ; spruce, 
2,522 ; walnut, 2,374 ; yellow pine, 2,193 ; sycamore, 1,833 ; cedar, 700. 

Relative Hardness of Woods, — Taking shell-bark hickory as the highest 
standard and calling that 100, other woods will compare with it for 
hardness as follows : — Shell-bark hickory, 100 ; pig-nut hickory, 96 ; 
white oak, 84 ; white ash, 77 ; dogwood, 75 ; scrub oak, 73 ; white 
hazel, 72 ; apple tree, 70 ; red oak, 69 ; white beech, 65 ; black walnut, 
65 ; black birch, 62 ; yellow oak, 60 ; white elm, 58 ; hard maple, 56 ; 
red cedar, 56 ; wild cherry, 55 ; yellow pine, 54 ; chestnut, 52 ; yellow 
poplar, 51 ; butternut, 43 ; white birch, 43 ; white pine 30. 

Tensile Strength of Different Kinds of Wood, showing the weight or 
power required to tear asunder one square inch : — Lance, .23,000 lbs. ; 
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locust, 25,000 lbs. ; mahogany, 21,000 lbs. ; box, 20,000 lbs. ; oak, African, 
14,500 lbs. ; bay, 14,500 lbs/; teak, 14,000 lbs. ; cedar, 14,000 lbs. ; ash, 
14,000 lbs. ; oak, seasoned, 13,600 lbs. ; elm, 13,400 lbs. ; sycamore, 
13,000 lbs. ; willow, 13,000 lbs. ; Christiania deal, 12,400 lbs. ; mahogany, 
Spanish, 12,000 lbs. ; pitch pine, 12,000 lbs. ; white pine, American, 
11,800 lbs. ; white oak, 11,500 lbs. ; lignum- vitae, 11,800 lbs. ; beech, 
11,500 lbs. ; chestnut, sweet, 10,500 lbs. ; maple, 10,500 lbs. ; white spmce, 
10,290 lbs. ; oak, English, 10,000 lbs. ; pear, 9,800 lbs. ; larch, 9,500 lbs.; 
walnut, 7,800 lbs. ; poplar, 7,000 lbs. ; cypress, 6,000 lbs. 
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WOODS AND THEIR USES. 
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CHAPTER XXXVI. 

TABULAR STATEMENT OF THE WOODS COMMONLY USED IN 

GREAT BRITAIN (Holtzapflfel) . 



FOR BUILDING. 

SJiip^huUdlng, 
Cedars. 
Deals. 
Elms. 
Fire. 
Larches. 
Locust. 
Oaks. 
Teak, &c., &c. 

Wet worJtff aft j)(h'8, fovndations, 
&c. 
Alder. 
Beech. 
Elm. 
Oak. 

Plane-tree. 
White cedar. 

JIoitM'Carjf entry. 
Deals. 
Oak. 
Pines. 
Sweet chestnut. 



FOR MACHINERY AND MILL- 
WORK. 
Frames J &c. 

Ash. 

Beech. 

Birch. 

Deals, 



Elm. 

Maliogany. 
Oak. 
Pines. 

lioUej't, &c. 
Box. 

Lignum vita;. 
Mahogany. 

TeetJi of wheels, &c. 
Crab-tree. 
Hornbeam. 
Locust. 

Fimndry 2)atternx, 
Alder. 
Deal. 

Mahogany. 
Pine. 



small. 



FOR TURNERY. 

Commo7i woods for toys : softest^ 
Alder, 
Aps. 

Beech \ 
Birch j 
Sallow. 
WiUow. 

Best woods for Tunhridge-warer 
Holly. 

Horse-chestnut 'j white 
Sycamore j woods. 
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Apple-tree 

Pear-tree 

Plum-tree 



brown woods. 



Hardest English woods. 
Beech, laige. 
Box. 
Elm. 
Oak. 
Walnut. 



FOR FURNITURE. 

Common furniture^ and inside 
ivorJis, 
Beech. 
Birch. 
Cedars. 
Cherry-tree. 
Deal. 
Pines. 

£est furniture, 
Amboyna. 
Black ebony. 
Cherry-tree. 
Coromandel* 
Mahogany. 
Maple. 

Oak, various kinds. 
Rose-wood. 
Satin-wood. 
Sandal-wood. 
Sweet chestnut. 
Sweet cedar. 
Tulip-wood. 
Walnut. 
Zebra-wood. 



MISCELLANEOUS PROPER- 
TIES. 
Elasticity,, 
Ash. 
HazeL 
Hickory. 
Lance-wood. 



Sweet chestnut, small. 

Snake-wood. 

Yew. 

IiielasticUy and toughness. 

Beech. 
Elm. 

Lignum .Titae. 
Oak. 
Walnut. . 

Ecen grain, ji)roi)erfor carting. 

Lime-tree. 
Pear-tree. 
Pine. 

Durability in dry works. 

Cedar. 

Oak. 

Poplar. 

Sweet chestnut. 

Yellow deal. 

Colouring matter, 

BED DT2S. 

Brazil. 

Brazilletto. 

Cam-wood. 

Log-wood. 

Nicaragua. 

Red Sanders. 

Sapan-wood. 

GREEN DTE. 

Green ebony. 

YELLOW DYES. 

Fustic. 
Zante. 

SCENT. 

Camphor-wood. 

Cedar. 

Rose-wood. 

Sandal-wood. 

Satin-wood. 

Sassafras. 



3?6 



SA W^MILLS. 



FOREIGN HARD WOODS, SEVERAL OF WHICH ARE ONLY 
USED FOR ORNAMENTAL TURNERY. 



1« Ambojna. 

2. Beefwood. 

3. Black Bot. B. wood 

4. Black cbonj. 

5. Box-wood. 
<). Brazil-wood, 
7. Brazilletto. 

8 Bullet-wood. 
9. Cam-wood. 

10. Cocoa-wood. 

11. Coromandel. 

12. Green ebony. 

13. Green heart. 

14. Grenadlllo. 

15. Iron-wood. 

16. King- wood. 

17. Lignum vitae. 

18. Locust. 



19. Mahogany. 

20. Maple. 

21. Mustaiba. 

22. Olive-tree and root. 

23. Palmyra. 

24. Partridge-wood. 

25. Pemvian. 

26. Princes-wood. 

27. Purple-wood. 

28. Red Sanders. 

29. Rosetta. 

30. Rose-wood. 

31. Sandal- wood. 

32. Satin-wood. 

33. Snake-wood. 

34. Tulip-wood. 

35. Yacca-wood. 

36. Zebra-wood. 



Nos. 3, 8, 16, 33, and 34, are frequently scarce. 

Nos. 3, 5, 8, 9, 10, are generally close, hard, even-tinted, and the more 
proper for eccentric turning, but others may also be employed. 

Nos. 4, 6, 10, 12, 14, 17, 18, 19, 30, 32, are generally abundant and 
extensively used. All the woods may be used for plain turning. 



The woods used in our Government yards for ship-building are as 
follows : — 

Oaks. — English. Adriatic. Italian. Sussex. New Forest. Canada, 

white and red. Pollard. Istrian. Live-oak. African, and 

also Teak, 
Pines. — ^Yellow. Red. Virginian. Nil red. Pitch pine. Riga. 
Fibs. — ^Norway and American spruce fir. Dantzic and Adriatic fir. 
Labches. — Hackmetack. Polish. Scotch. Italian, 1, 2, 3. Athol, 

Cowdie, or New Zealand Larch. 
Cedabs. — Cuba. Lebanus. New South Wales, and Pencil cedar. 
Elms. — English and Wych elm. 
Miscellaneous Woods used in small quantities. — Rock elm. 

English and American ash. Birch, black and white. Beech. 

Hornbeam. Hickory. Mahogany. Lime-tree. Poon-wood- 

Lignum Vitae, &c. 
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CHAPTEE XXXVII. 

LONDON PRICE LIST FOR TIMBER AND DEAL SAWING, &C., 1883. 



Mahogany, Honduras 



» 



>» 



» 



»> 
» 
»> 



Spanish, &c. 



Cedar .... 

jLcaic • • ■ • 

Sabicu .... 

Yellow pine 

Pitch pine and kawrie pine 

"Wainscot 

Birch .... 

American ash and whitewood 

„ oak, elm, and hickory 

„ black walnut 
English and Italian walnut . 



under 24 in. deep . 6/3 per 100 ft. super. 



»» 

w 
>» 



30 
36 
42 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 






7/6 
8/6 
9/6 
7/6 
5/6 
8/0 
12/0 
5/0 
6/0 
6/0 
6/6 
6/0 
7/0 
7/0 
9/0 






(The prices for the above woods rise 1/- for every 6 inches extra depth, 
the same as in Honduras mahogany.) 

English oak, beech, sycamore, and plane tree (all depths) 

7/0 per 100 ft super. 
„ elm, ash, chestnut, and lime tree (all depths) 7/0 „ 

Planks (H in. thick and above) are charged 1/- per 100 ft. extra. 
Dry flitches are charged 1/- per 100 ft. extra. 
Cleating boards, \A, each; 

Flatting up to 4 in., 3/- ; 4 to 8 in., 4/6 ; over 7/ per 100 run. 
Cross cuts, mahogany, &c., 9^. each ; ash, 6^. each. 
Breaking cuts charged in all cases • 30 in. deep, 2^. per foot super. 

. 36 „ 2\d, 
. 42 „ 3^. 

Cartage charged on 7 cuts and under at 7/6 per ton of 40 ft. 
(The above prices include collection from docks and delivery within 
3 miles (except ai to 7 cuts and under), subject to a discount of 20 per 
cent.) 



» 



)) 



» 
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Fir Tunber. 

Baltic fir, under 12 in^ 3 cuts to the load. G/6 per load of 50 ft. cube. 
„ 12 izL and over, 4 „ 6/6 „ „ 

„ per 100 ft super, 4/0. Cross cuts, Ad, each. 
Cutting 4 in. Arris Rail, 2/0 per 100 ft. run ; 5 in. Arris Rail, 2/3 per 

100 ft. run. 
Cutting die square, 5 in., 1/6 ; 6 in., 2/- ; 7 in., 2/4 ; 8 in., 2/8 per 100 ft 
run. 

(Cartage is charged at 1/- per mile per load of 50 ft. cube.) 

All goods on hand are at the owner's risk in case of fire, and are subject 
to a general lien for balances unpaid. 



Prices for Saicuig, per dozen Cuts. 



Lengths 


6 

1/4 

1/6 
2/0 


* 


r 


i 


\ 


1 


» 


] 


10 11 


12 


13 


14 


15 

2/8 
3/9 

4/8 


16 17 18 feet. 


Batteni . 
Deals . . . 
Planks . 


1/6 

l/» 
2/3 


1/8 
2/0 
2/6 


lAo 

2/8 
2/9 


2/0 2/2 
2/6 i 2/9 
8/0 j8/3 


2/3 
3/0 
8/6 


2/4 
8/3 
3A0 


2/6 
8/6 

4/8 


2A0 

4/0 

6/0 


8/0 
4/3 
5/3 


3/3 

4/6 
5/6 




1 


Lengths 


19 


20 


21 


22 


23 


24 


25 


26 

5/3 
C/6 
9/0 


27 


28 


29 


30 feet 


Battens . 
Deals . . . 
PUnks . 


8/6 

4/9 
6A1 


8, 

6i 
6; 


19 
10 
13 


4 
6 


/o 

/3 
/8 


4/: 
o/< 
7/< 




4/6 

5/9 
7/6 


4/ 
6/ 
8/ 


9 




5/ 
8/ 


3 
'6 


6/6 
6/9 
9/6 


6/9 

7/0 

10/0 


6/0 

7/3 

10/6 


6/3 

7/6 

11/0 



Fcathcr-cdge cutting one-third extra per dozen cuts. 
Pitch pine planks one-third extra per dozen cuts. 
Flatting battens, deals and planks, 3 inches and under, 1/- per 100 feet 
run ; 4 inches, ditto, 1/4 per 100 feet run. 

Subject to a discount of 25 per cent. 
Yellow pine planks, over 11 inches wide, 3/6 per 100 feet super. 

Extra cartage on 1 cut in flatting, 2d. per 12ft. 3in. x 9in. ; 2 cut, 
ditto, Hd. per 12ft. Sin. x 9in. 
Extra cartage on 1 cut in deeping, Hd, per 12ft. Sin. x 9in. 

Nett 
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Flooring f dc, per Square. 

Feet run to the square, 9m. wide, 140ft. ; 8iii., 160ft. } 7Jin., 170ft.; 
7in., 180ft. ; 6Jin., 190ft. ; 6in. and under, 200ft. 



Sawing and planing 

Sawing, planing, and grooving . . . . 
Preparing imported boards, same prices . 
Planing boards (when sawing charged separately) 
Grooving prepared boards (at yard) . . . 
Grooving prepared boards from docks • . 



IJ ins. and 
under. 



2/3 
3/0 

1/6 
1/6 
1/9 



liius. 



2/(5 
3/3 

1/9 
19 
2/0 



Stacking, 3^. per square extra. 
Stacking and sticking, 9^. per square extra. 

Bent charged on all goods stacked for a long(ir period than six months, 
at the Surrey Commercial Dock Company's Bates. 

Subject to a discount of 6 per cent. 

Matchboarding, dc, per Square. 



Sawing, planing, and plain matching 

Sawing, planing, matching and beading, or V 

jointing 

Ditto, ditto, prepared both sides 



} 



1^ ins. and 
under. 



3/3 
3/9 
5/0 




Desiccating (or Drying) per Square* 

Extra on prices for sawing and preparing. 



In quantities not less than • 


1 in. and 
under. 

200 


1^ ins. 


liins. 


Squares. 


160 


140 


Boards sawn or prepared at) 
these mills . . . . / 

Collecting boards from docks j 
per barge, landing and stack- 1 
ing in drying room, drying f 
and delivery within 3 miles . 

Time required for drying will 
average about . . . j 


1/10 
2/2 
4 


2/3 

2/7 
5 


2/7 

3/0 

6 


Per Square. 

do. 

Weeks. 



For lesser quantities than the above, special rates. 

Nett. 
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All goods drawn from docks will Ixi sabjcct to a landing rate of 3/9 
per Petersburg standard, on goods for immediate sawing, or preparing, 
and deliveiy ; and 5/- per Peteisbnrg standard on goods stored. 

The above prices for sawing and preparing inclade collection from 
docks by barge, and delivery within three miles (except the extra 
chaiges for cartage and landing rate). 



London Price List for Veneer Sawing. 

Veneers, 
Mahogany — ^under 24 in, deep . 



ft 

it 



It 



tt 



tt 



30 
36 

Curls 



11 
tt 



Cedar, birch, ash, maple, wainscot, and staves 

Sycamore and chestnut 

Kose-wood, zebra-wood, and walnut . 
Satin-wood, brown oak, sabicu, tulip-wood 
king- wood, holly, and box . 

Ebony and coromandel 

(Special prices for extra widths or special 

woods.) 
Canvassing veneers, extra 



5/6 per 100 ft. super. 
6/0 

7/0 
6/6 

5/6 
7/6 
8/6 



9/6 
16/8 



0/6 



It 



It 



11 
11 
11 
11 



ft 
ft 
ft 
ft 
ft 
ft 

ft 
ft 



11 



TJiick Stvff. 
Mahogany and Cedar — 

Panel board under 24 in. deep 
„ 30 
„ 36 
Bead and i „ 24 

11 30 
Flatted centres, cut at bench . 
Birch, ash, and wainscot, bead { and | 
Walnut, and fret thickness 
All other woods same price as veneers. 
Breaking, flatting, trimming, and cross-cutting at pit-sawing prices. 

Subject to a discount of 10 per cent. 
Free cartage from docks to customers* premises discontinued. 



5/0 




6/0 




7/0 




4/0 




5/0 




3/0 




5/0 




6/6 
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CHAPTER XXXVIII. 

TIMBER AND SAW-MILL TRADE TECHNICAL TERMS. 

Alburnum — is the sapwood* 

Axinual layers — is the yearly growth of the tree defined by concentric 
circles outside the medullary rays. 

BattexiB — arc boards when 7in. wide or under. 

Bavin— has different meanings in different parts of the country, such as 
brushwood, fagots, chips of cut wood, wood refuse. 

Binders — are the long pliant shoots of hazel, ash, willow and similar 
trees which have length and elasticity enough to allow them to bo used 
for binding up bundles, fagots, making hurdles, etc. 

Blaze — ^The chips made by a mortising chisel when in work, also called 
"Core." 

Blockings — ^are small pieces of wood glued to the interior angle of two 
boards to strengthen the joint. 

Bole — the trunk, stem of body of a tree, after it has attained the diameter 
of 8in., which constitutes timber. 

Bond timber — pieces of timber used to bind in brickwork, 

Breakiner down — in sawing, is dividing the baulk into boards or planks. 

Buckliner — a term applied to saws when they are twisted or distorted out 
of truth. 

Burrs — excrescences on trees, arising from the crowding together of small 
germs of confused and irregular growth. 

Bush, or shrub — is the name applied to those perennial ligneous plants 
which do not in their normal state of growth attain a girth of more 
than 6in. 

Butt-end — is that part of the stem of a tree which is nearest the root, and 
at which the lowest measurement is taken. 
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Cambletted — in applied to roots when they are^curioiislj Teined. 

Cane — arc shoots of hazel, 6 ft. loDg, cleft for hoops, small tabs, and 
coopcra^fc work, also called *' smart hooiis.*' 

Clamping' — 18 the method of fastening several boards, by another placed 
trarisversely at each end, secured by a mortice and tenon, or tongue 
and groove joint. 

Cooper ware— is the name given to the lower ends of ash poles, cut in 
Icngtlis from IG ft. to 18 ft. tar waggon tilts and cooper work. 

Core — the chips made by a mortising chisel when in work, also called 
"Blaze." 

Cordwood — wood for firing puriK)ses, or for charcoal burning. 

Concentric ringa— are the woody layers which define the yearly growth 
of the tree. 

Cross cutting' — cutting across the grain of the wood. 

Cross-grained wood — is tliat in which the fibres are presented endways 
or obliquely on the surface. 

Crotch pnnch — a punch used for setting saw teeth by jumping or 

widening their i>oint8. 

Curls — are the result of the confused filling-in of the space between the 
forks or the springings of the branches, and are sometimes called 
"feathers." 

Cup-shake — is a shake which extends round a great portion of the 
trunk, between two of the annual concentric layers, so as to divide 
them from each other. 

Deals — are boards when between Tin. and 11 in. wide. 

Deeping — sawing through the deep way of timber or boards. 

Doted — signifies decayed. 

Dove-tailinff — is joining two pieces of board by indenting. 

Drunken — a tci*m applied to a circular saw, which runs out of the 
perpendicular when in motion. 

Druxy knot — a decayed knot at the root end of a branch. 

Dry rot — nn internal decay of the vegetable albumen, generally supposed 
to arise from internal moisture and want of free air circulation. 

Duramen — is the heart wood. 

Endogenous trees — differ from exogenous trees in having their sub* 
stance foimcd by successive additions from the inside. 
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Sxoflrenotis trees — a vegetable. class, which augment their woody matter 
by additions to the outside of that which is first formed. 

FaflTots — are of two kinds, house fagots, and kiln fagots : house fagots 
are lengths of hop and fence poles, kiln fagots, waste, underwood, etc. 

Featlier-edflred boards — ^boards sawn to a sharp bevel. 

Flattiner — sawing through the flat or thinnest way of boards. 

Flittems — are young oak trees, the bark of which is of greater value 
than that of older trees, on account of the greater amount of tannin it 
contains. 

Foxy wood — ^is wood disfigured by dull red stains, which generally 
indicate growth in a marshy soil, and are the signs of approaching 
decay. 

Frames— those parts of a window or door in which the sash or panels 
are fitted, 

Frowy stuff— short or brittle and soft timber. 

Frusb. — ^wood is said to be " frush " in the grain when, in consequence 
of the decreased lateral adhesion of the annual layers, it has become 
brittle and short. 

around off — a term applied to circular saws that are bevelled off on the 
one side, and are of greater gauge at the centre than at the circum- 
ference, or in the case of straight saws, of greater gauge at the front or 
teeth than at the back. 

Ghillet — ^the gullet, or throat, is the depth of a saw-tooth from the point 
to the root. 

Heart shake— clefts in the wood varying in distance, but sometimes 
extending from the pith, and separating the concentric layers into 
segments of circles. 

Heart wood — Duramen, 

HerrinflT-bone strattinff — consists of pieces of wood nailed in a line 
between and across the joists from the top of one to the bottom of the 
next. 

HousinflT — is the cutting of a piece out of one board for the insertion of 
the end of another. 

Jamb lininfirs — frames for internal doors, openings, etc. 
Joists — pieces of timber used to support floors, etc. 

r— the slit made by a saw. 
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Kinked— a tcnn applied to a '^buckled" saw, when its sorfaoe nndolates 
and is untme, called also *' waved.'* 

Snots, burls, blisters, and birds' eyes — areirr^ularitiesof the grain f 
produced at the divarications of the limbs, the healing over of the 
wounds and protuberances, which twist or warp the grain of the wood 
out of its straight course. 

Ijaths — thin strips of wood used for roofs and plastering purposes. 

Lead — ^is the " rake " or angle to which the teeth of saws incline. 

liignine — ^Woodj matter. 

Iiining — inside boarding in contradistinction to outside sheathing or 
casing. 

Lock rail— of a door-frame, the transverse piece which separates the 
main doorway from the open space above it. 

Ijoz — ^the trunk or body of a tree ready for the sawyer. 

Hatch boarding — boards made with tongues and grooves on their 
respective edges, so as to drive together and make a joint. 

Hedullarsr rays — Silver grain. 

Hill webs — straight saws used in machines with a reciprocating motion 
for cutting timber or deals. 

MitrinflT — is forming the diagonal joint which two pieces of wood make 
when meeting at an angle. 

Hortise — a hole cut in wood, to receive a corresponding piece formed on 
another piece of wood. 

Newel — ^the central column round which the steps of a circular staircase 
wind. 

Orole — a convex moulding. 

Oflree — a moulding consisting of two members, the one concave, the other 
convex. 

Packing — ^material used for guiding saws, or pieces of wood used for 
placing under other bodies when raised from the ground. 

Pith — the central or first formed part of a stem, composed of cellular 
tissues, through which the sap flows. 

Pitch — is a term applied to saw-teeth, and is the angle of the face of the 
tooth up which the shaving ascends, and not the interval between the 
teeth, as with the threads of a screw. 

Planks — are boards over 11 in. wide. 
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Points — small saw teeth are reckoned bj the number of teeth points to 
the inch. 

Poles — are shoots from coppice stools, or the stems of young trees. 

Prepared floorinflr — ^boards sawn and planed ready for laying. 

Put lofirs — short pieces of timber about 7 ft. long, used in building 
scaffolds. 

Quaflrery wood — is that full of shakes and clefts at the centre of a tree, 
which is usually grown on a loose soil. 

Queen post — a vertical timber supporting the rafter of a trussed roof. 

Quirk — a small acute channel or recess. 

Bafters — the secondary timber of a house. 

Bake — the rake of a saw is the angle or *' lead " to which the teeth are 
inclined. 

Bakiner mouldinflrs — a moulding whose arrises are inclined to the 
horizon in any given angle. 

Bebate — a groove or channel cut longitudinally in a piece of wood. 

BibbinflT — the timber work for sustaining a vaulted ceiling. 

BippinflT — a term applied to sawing wood with the grain. 

Binff-hearted — split in the direction of the rings of yearly growth. 

Bisers — parts of a staircase which are mortised into treads. 

Bind firall — ^is when the alburnum of a tree has been wounded, or 
improperly lopped, and covered by the subsequent growth ; this will 
often cause rottenness in the tree. 

Bosy wood — is the irregular direction or overlapping of the grain of the 
wood, as in mahogany. 

Sap — a fluid which flows through the pores and fibres of a tree. 

SaplinflT — 2i> young tree less than Gin. in diameter at 4ft. from the 
ground. 

Sapwood — otherwise alburnum, imperfect layers of wood, found outside 
the heart wood or duramen. 

Sashes — those parts of a window which receive the glass. 

Sash, frame — the wooden frame within a window casing in which a sash 
slides. 

Sash, stiles — are the side pieces of a sash frame. 

Sears — low fagots, pliable branches, used for sheltering farmyards, etc., 
long bavins fastened with three withes. 
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Setting — a term applieil to the act of bending saw teeth altematelj to 
the right and left, to give clearance to sawdust. 

Soantllng- — the dimensions of any piece of timber with respect to its 
breadth and thickness. 

Soarflner — the joining of two pieces of timber, by being bolted or nailed 
together transversely so that the two appear as one. 

Shoot — the lateral branch of a stem or stub ; the latter, however, is more 
properly a standard. 

Silver srain — is an apixiarance causetl in some descriptions of wood by 
large and distinct divisions or rays radiating from the pith of the tree 
towards the bark, and which are generally of a light silver colour, pro- 
ducing that fine flowered appearance in oak when cut through the 
grain. 

Shaky — 8i)lit in the direction of the medullary rays ; that is, from the 
heart outwanls. 

ShootinflT — is making the edge of a board perfectly straight. 

Skirtiner — a narrow l)oard forming a plinth to an internal wall. 

Slack — a term applied to the hollows or irregularities which sink on a 
" buckled *' saw. 

Slit deal — a name for a deal cut into two boards. 

Sliver — small straight shoots cleft longitudinally for cooper*s work, 
lathing, etc. 

Space — the space is the distance from one saw tooth to another, measured 
at the points. 

Spar — a piece of timber employed as a common rafter in a roof. 

Spine — is the name given to the mature wood of a tree, the outer layer 
being called alburnum or sapwood. 

SpriflT of wood — is in some places used as the name of branches of trees. 

Staer-headed — the thickening of the topmost branches of a tree when it 
has arrived at maturity. 

Star shake — consists of clefts which radiate from the pith or centre of 
the tree towards the circumference or bark. 

Stem — ^the body of a tree in all its stages of growth. 

Stiles — part of a window sash. 

StrikinflT erear — ^known also as belt gear, is an arrangement of levers for 
stopping or starting machinery by throwing the driving belt off or on 
the driving pulley. 

Striner boards — ^boards which support the risers and treads of a staircase. 

Stub or stool — the root of a tree left in the ground. 
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Swag: —a term applied to driving belts when they are too long or run 
too loosely ; Le., " they swag." 

Swelling: — an excrescence upon the exterior of a tree. 

Tap-root — ^the first root produced by the seed of a tree. 

Tellers — sometimes called Tillars or Tellows, is a sapling or selected 
coppice shoot, which is chosen and marked at the time of the fall of 
the imderwood to stand for a timber tree, or the growth of the maiden 
bark. 

Tenon — the square end of a piece of wood, reduced in thickness to fit 
another hole called a mortice, forming together a mortice and tenon 
joint. 

Tigrht — a term applied to the irregularities which rise on a " buckled " 
saw. 

Tiller — is the shoot which is selected for its strength amongst those pro- 
duced by a coppice stool, to stand for a timber tree. 

Timber — ^the trunk, stem, or body of a tree, after it has attained the 
diameter of 8 in. 

Transom — a short beam or lintel over a door. 

Treads — parts of a staircase on which the foot is placed when walking. 

Tree-nails — cylindrical wooden pins. 

Trunk — the stem, the bole, or body of a timber tree. 

Twist — is an obliquity in the woody fibre of a tree. 

Upsets — are defects when the grain appears to be partly separated. 

Wainsoottingr — boards employed to line internal walls. 

Wave joint boarding: — ^boards used for roofing, arranged with furrows 
and gi'ooved joints. 

Waved — k term applied to a " buckled " saw when its surface undulates 
and is untrue, called also " kinked." 

Wany — when the edge is not square. 

Wany timber — is that which is unequal sided. 

Weather boarding: — ^boards fixed or sawn at a bevel for roofs, fencing, 
etc., with the object of throwing off wet. 

Well collared — ^means that the large knots of pieces of wood are firmly 
united to the surrounding timber. 

Wrack, brack, or culls — signifies the rejected timber or deals, throngh 
not coming up to a certain standard quality. 

z 
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A "buckled" saw, 161 
Accidents to guard against, lo, 16 

Action of saw-teeth, 129 

Adulteration of oils, 122 

Adzing sleepera, 43 

A^e for felling timber, 234, 249 

Air, admission of to boiler furnaces, 78 

Air, hot, for drying timber, 242 

An estate worlcshop, arrangement of, 
263 

Angles of cutters, 171 

Angles of saw-teeth, 128 

AnUiracite, coal, burning, 230 

Apparatus for hand-feeding furnaces, 
230 

Apparatus for securing uniform shape 
of saw-teeth, 136 

Apparatus for stopping engines by- 
electricity, 32 

Appearance of good timber, 232 

pine, 233 

larch, 233 

oak, 234 

teak, 234 

Appliances for saw-mill, 291 

Arrangement of chimney-stack, 75 

Arrangement of fire-bars, 225, 228 

Arrangement of saw-mill for general 



purposes, I 



28 



planing, 13 

railway carriage works, 



Arrangement of plane irons, 37 

shafting and gearing, 90 

Artificially d^'ing timber, 242 
Augers, mortising, 177 
— expanding, 179 
Automatic plane iron grinder, 281 
Axe and hammer handle dressing 
machine, 43 
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AND-saws, 163 

back thrust of, 207 



BOI 

Band-saws for cutting wheel felloes, 280 

gauge of, 167 

lubrication of, 116 

on working, 205 

setting of, 166 

speed of, 213 

strength of, 168 

to braze, 169 

temper of, 165 

Band-sa^vlng machine, 23 

wheels, sizes of, 24 

Barking timber in front of saw, 278 
Burs, fire, arrangement of, 225, 228 
Battens, and deds, manufacture of, 261 
Bearings, and their lubrication, 106 

— footstep for turbines, 51, 53 

— heating, 26 

— lubrication of, 110 

— metals for, 107 

— proportions of, 106 

Belts^ cementing joints of, 183 

— dnving power of, 183 

— for circular saws, 19 

— forces concerned in transmission of 

power, 189 

— for high speed machinery, 193 

— for removmg saw-dust, 12 

— for ^laning-machines, 19 

— joinmg, 183 

— management of, 181 

— rules relating to, 186 

— shifter for, 195 

— strength of, 191 

— stretcning, 185 

— table of lap for, 184 

— travelling, 11, 12 
Bench, rack, 20, 34 

Birmingham wire gauge, table of sizen. 

300 
Boilers, arrangement of, 3 

— duplicate sets of, 32 

— incrustation in, 70 

Boiler attendants, rules for, 84 
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BOI 

Boiler, Cornish or Lancashire, G6 

— furnaces, admission oi* air in, 78 

— furnaces, 78 

— selection of a, 66 

— setting, 73 

— specification of, 67 

— tubes, cleaning, 64 

— vertical. 68 
Boring ana mortising machine, heavy, 

39 

— bits, 178 

— bung-holes, 179 

— machine, multiple, 41 

— sleepers, 43 
Box castings, 21 
Breast water wheel, 48 
Bridges, furnace, 228 
^'Buckled" saw, a, 161 
Burning saw-dust, 81 

Buying second-hand machinciy, 301 

riABINET works, 14 

y^ Calculating power of turbine, 54 

water supply, 54, 56 

water-wheel, 49 

Canting dog, 9 

Carriage, railway works, 28 

Carbolizing timber, 245, 255 

Cement, joints for belts, 185 — 192 

Centres", short, to be avoided, 26 

Chain feed saw-bench, 43 

Chains, travelling, 11 

Chimneys, boiler, table of dimensions 

of, 76 
Chimney — stack, proportions of, 75 
Chisels, mortice, 175 
Cu'cular saws, belts for, 19 

expansion of, 133, 135 

feed of, 211 

guards for, 16 

hanging, 204 

packing, 199 

speed of, 210 

Cleaning boiler tubes, 64 
Coals, anthracite burning, 230 
— foi-ming much clinker, 231 
Combustion chamber, heated air in, 

229 
Combined log and deal frame, 21 
Compound engines, 61 
Compounds, lubricating, 118 
Condenser, 65 
Consuming smoke, 223 
Construction of water-race for turbine, 

57 
Conversion of timber, 257 
Cornish boiler, 66 
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Con-osion of steam boilers, 70 
Cost price, 286 
Countershafts, erecting, 96 
Coupling for shafting, improved, 92 
Covering steam pipes, 77 
Crab, travelling, 9 
Creosoting timber, 253 
Cross-cutting machine, 3, 7 

— logs by hand, 279 

— wooden pavement blocks, 277 
Cutters, 171 

— tempering, 173 
Cylinder lubrication, 115 

DEAL cutting, pressure rollers for, 22 
Deal frames, speeds of, 215 
Deals and battens, manufacturing, 261 

— shed for, 240 

— stacking, 237, 239 

— measurement of, 303 

Decay of wood and its prevention, 24S 

Dock, still water, 6 

Dog, canting^ 9 

Dogs, ti'a veiling, 11, 34 

Dressing up grindstone, 288 

Driving, irregularity in, 15 

— power of a belt, 183 
Dry rot in timber, 250 
Drying timber artificially, 242 
by hot air, 242 

by steam, 243 

IpCONOMY in saw-mill, 26, 285 
^ Electric light for mills, 13 
Electricity as a motor, 46 
Emeiy wheels, for saw sharpening, 14G 

for grinding cutters, &c., 281 

management of, 283 

speed of. 214 

various kinds of, 282 

Engine and boiler, overworking, 15 

— drivers, rules for, 84 

— portable, 64 

— room, 5 

— setting, 72 

— specification of, 63 

— type of, for driving saw-mills, 61 

— vertical, with boiler combined, 64 
Engines^ high speeded, 62 

— stopping by electricity, 22 
Estate workshop, an, 263 
Estimating water supply, 54, ^ 
Exhaust fan, 12 

Expansion and contraction of circular 
saws, 135 

— gear, 65 
Extracting roots, 294 
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I^AS, ptkeumMtit\ 1*2 
Fojft, and loomr uullcj*. 18 
Feed motion of miv frames 205 

— fpeed of circular aav ben«-hc«y 211 
of varioun niarhine*, 217 

— water heater*, 09 

Fellinz timber, in pmper neawn, 249 
Filing, Kav, 142 

— law guide, 14.> 

Fire barm, arrangement of, 22'> 
Fire pump, 14 
Fixing marhinery, 25 

— ihafting, 94 

— turbine, 56 

Flooring, measurement of, 30*3 
Footstep bearing of turbine, ol 
Forest um*, machinery' for, 292 
Formation of wood, 248 
Foundations for machines, 101 
Frame's, s»v, working, 204 
French method of sawing timber, 2G0 
Fuel, economising, 223 
Furnaces, boiler, 78 
Furnace, bridges, 79, 228 

GAUGES of straight circular saws, 
I'M 

biind-saws, 167 

Gau^c wire, 299 

Gearing and sliafting, arrangement of, 

90 
Gear, striking, 193 
Glossary of technical terms, 331 
Grindstone, countershaft for, 285 

— dressing up, 288 

Grinder, plane iron automatic, 281 
Guards for circular saws, 16 
Guide for saw filing, 145 
GuUcting saw teeth, 146 

HAMMERING saws, 158 
Hand feeding fumucos, apparatus 
for, 230 
Hanging circular saws, 203 
Hard water, minerals found in, 70 
Hard wood, saw teeth for, 131, 164 
H(>atcr8, feed water, 69 
Heating bearings, 19 

— circular saws, 19 

Hewing timber, French method, 260 

High and low pressure turbines, 50 

High speeded engines. 62 

Hijjh speed snindles, lubrication of, 112 

Hoist, light, 7 

Horizontal slot mortising machine, 41 

— water wheel, 49 
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Hot air for drying timber, 242 
Hydraulic, footstep beaiing. 63 

TXCREMEXT saw teeth, 131 

1 Incrustation in steam boilers, 70 

India-rubber as a M'eaeri'ative for wood, 

251 
Irons, moulding, 172 

— planing, speeds of, 216 
Irregular moulding and shaping, 24 
Items about wood, 115 

JIGGER saws, speeds of, 216 
'J Jointing belts, 184 

T AXCASHIRE boiler, 66 

-Li Larch timber, appearance of good, 

233 
Lathwood, measurement of, 304 
Lead of tawE in swing frame, 20*5 
Lime as a preservative for wood, 251 
Log frame, combined, 21 

separate, 4 

Log sledges, 295 
Logs, canting, 9 

— cross cutting by hand, 279 

— deck, 10 

— hauling, 6, 9 

Loose pulleys improved, 17, 18 
Lubricating compounds, 118 

— cylinders, llo 

— (self), loose pulleys, 17 
Lubrication of band saws, 110 
bearings, 110 

cylinder, 115 

saw spindles, 116 

Lubricators, 113 

MACHINE foundations, 100 
Machines, power required for 
various, 219 

— siiwing, notes on working, 198 
Machiner}', " cheap," 20 

— etc., ordering, 297 

— second hand, 301 

— selection of, 20 

— setting, 25 

— starting, 26 

— woodworking, speeds of, 209 
Management of belts, 181 

emery wheels, 283 

a saw mill, 275 

^lanufacturing deals and battens, 261 
Masonry for machine foundations, 102 
Measurement of deals, 303 

lathwood, 304 

timber and rules as to, 303 
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MEC 

Mechanical stokera, 224 
Metals for bearings, 108 
Microscope, use of for testing timber, 

235 
Mineral oils, 112 

Minerals, found in hard water, 70 
Mortice chisels, 17o 
Mortising and boring machine, 39 

— horizontal slot, 41 

— machines (reciprocating), speeds of, 

217 

(rotary), speeds of, 217 

Motive power for saw mills, 46, 61 
Moulding irons, 172 

— (irregular) and shaping machine, 24 
Mouldings, wood for, 269 

"VTEW machinery, starting, 26 
IN Notes on working sawing machines, 
198 

OAE timber, appearance of good, 2^3 
Oib, adulteration of, 122 

— mineral, 112, 122 
Outward flow, turbine, 54, h^ 
Over-feeding saws, 200 
Overshot water wheel, 48 

PACKING circular saw, 199 
— pieces, 132 
Panel scraping machine, 38 
Paraffin, as a preservative for wood, 251 
Pavement (wooden), cross cutting, 278 
Pianoforte works, 14 
Piece work, 256 
Pine timber, appearance of, 233 
Pinions, intermediate, 16 
Plan of estate workshop, 264 
Plan of saw-mill for general purposes, 2 

planing, 13 

railway carriage works, 

28 
Plane irons, arrangement of, 37 

— iron grinder, automatic, 281 
Planin;i: irons, speeds of, 216 

— machine, [lanel, 37 

— machines, belts for, 19 

— mill, plan of, 13 

— and trying up machine, 22 
Plummer block, improved, 93 
Pneumatic fan, 12 
Portable engine, 6( 

Portable sawing machinery for forest 

use, 292 
Power of water wheels, effective, 49 

— required for various machines, 219 
Preserving timber by carbolic acid, 245 



SAW 

Pressure rollers for deal cutting, 22 

Prevention of smoke, 79 

Processes, various for preservation of 

timber, 253 
Proportions of bearings, 106 
Pulleys, 96 

— loose improved, 17, 18 

— tension, 196 

Punch ^setting), for saws, 151 
Pump, lor tire purposes, 14 

RACE water, for turbines, 57 
Hack saw bench. 20, 34 
llailway through mill, 2, 14, 28 
Kecessing machine, 24 
Reciprocating saws, speed of, 211 
Hollers pressure, for deal or flitch cut- 
ting, 22 
Hoofing, measurement of, 305 
Roots, extracting, 294 
Rotary or slot mortice chisels, 177^ 
Rules for arrangement of chimney 

stack, 75 
engine drivers and boiler attend- 
ants, 84 

calculating speeds of shafts and 

diameters of pulleys, 100 

— relating to belts, 186 

— as to measurement of timber, 303 
Running out of truth, saws, 155 

SAND papering machine, 42 
Saws, band, 163 

back thrust of, 207 

gauge of, 167 

setting, 166 

speed of, 213 

strength of, 168 

temper ofl 165 

tension of, 206 

to braze, 169 

working, 205 

Saw bench, bearings, 201 

combined feed, 4 

for sleepers, 43 

for two saws, 4 

rack, 20 

Saw circular, a " buckled," 161 

expansion and contraction of, 135 

guards for, 16, 133 

gauges of, 155 

hammering, 158 

ordering, 297 

Saw dust, clearing away, 12, 15 

burning, 81 

Saw filing, 142 
guide for, 145 
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SAW 

Saw fmmet, lo; and deal combined, 21 

vibration of, 102 

feed motion of, 20-5 

speed of, 212 

working, 204 

Sawinjc machines, working of, 198 

for forest use, 292 

Saw mill, arrangement of, 1 

appliances for, 291 

cH.onomy in, 20, 285 

floors, 5, 13 

management of a, 275 

motive |K)wer for, 40 

plan of a, 2, 28 

tviM) of engine for driving, 01 

S.iwK, li.>ad of, in swing frame, 205 

— over feeding, 200 

— packing, 198 

— running out of truth, 155 

— selection of, 128 

— single bladed, 132 

— straight, 120 

Saw sharpening machine, 279 

emery wheels for, 146 

Saw spindles, lubrication of, IIG 

oearings of, 201 

t^aw teeth, action of, 129 

angles of, 128 

experiments with, 129 

for hard wood, 131 

gulleting, 140 

increment, 131 

setting, 149 

shapes of, 137 

— — spread setting, 153 

Knring and punch setting, 151 

throat spiico of, 130 

trembling of, 141 

unifonii Hhape of, 130 

ScMison for foiling timber, 249 
Self •lubrication of tdinfting, 111 
Seasoning timber, 237 
Setting boiler, 73 

— engine, 72 

— machincH, 25 

Shafting, amingemcnt of, 6, 90 

— coupling for, 92 

— size of, 3 

— speed of, 3 

Shaping and moulding macliinc, irrc- 
gular, 24 

working a, 288 

Sheds for storing timber. 3 
Sh()i*t centres to bo avoided, 20 
Single-bladod saw, 35 
Sleugi'S for logs, 295 
Smoke consuming, 223 
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Smoke, its prcventiofi, 79 
Soapttone as a lubricant, 113 
Specification of boiler for aav-miU 
work, 67 

— engine , 63 

Si)eeds of circular saws, 210 
emery wheels, 214 

water entering a turbine, 68 

feed for rarious machines, 217. 

218 

woodworking machines, 209 

shafts, rules for calculating, 100 

Stack, chinmey, arrangement of, 75 

Stacking timber, 237, 240 

Standards, timber, ralue of different. 

306 
Starting new machinery, 26 
Steam boiler, furnaces, 78 

— for drying timber, 243 

— mortising and boring machine, 39 

— pipes, covering, 77 

— production of, 77 

— waste of, 289 
Steel for shafting, 91 
Stoking boilers, 224 

Stopping engines by electricity, 32 
Streng^ of belts, 191 
Stretching belts, 185 
Striking gear, 194 
Stimip extractors, 295 
Swing frames, 22 

^PABLE of dimensions of chimneys, 76 

J- gauges of saw^s, 155 

laps for belt joints, 184 

rectangular weirs, 59 

sizes, Birmingham wire gauge, 

300 
Tc-.jk, appearance of good, 234 
Teeth, saw, action of, 129 

angles of, 128 

band, 163 

cmerj' wheels for sharpening, 146 

expeiimcnts with, 129 

tiling, 144 

for hard wood, 131 

gulleting, 146 

increment, 131 

shapes of, 137 

spread setting, 153 

spring and punch setting, 151 

tliroat space, 130 

'- trembling of, 141 

uniform ^ape of, 136 

Tempering cutter*, 173 
Temper of band-saws, 165 
Tenoning machine, 23, 38 
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TEN 

Tennon of band-saw blades, 206 

— pulleys, 196 

Teims, technical, glossary of, 331 
Timber and deal sawing, price list of, 328 

— and saw-mill trade technical terms, 

331 

— appearance of good, 232 

— carbolizing, 24o, 2oo 

— conversion, 257 

— creosoting, 253 

— drying artificially, 242 

— dry rot in, 250 

— drying by hot air, 242 
by steam, 243 

— for wheelwrights, 239 

— four thousand years old, 252 

— hauling, 6 

— hewing, French method of, 260 

— hoisting, 12 

— rules as to measurement of, 303 

— seasoning, 237 

— season for felling, 249 

— selection of, 232 

— stacking in open air, 237, 240 

— standing, measurement of, 308 

— testing by microscope, 235 

— trade miscellanea, 311 

— various processes for preserving, 253 
To braze band-saws. 169 
Travellers, overhead, 15 

~ Wellington, 7 
Travelling, belts and chains, 11 
Trying up and planing machine, 22 
'lubes for feed water heater, 69 
Tunnel for saw-dust, 15 
Turbine water wheels, 49 

bearings of, 50, 53 

fixing, 66 

Fourneyron, 53 

Jonval, 52 

LeflTel, 52 

race for, 57 

the Victor, 52 

the vortex, 52 

UNIFORMITY in bevel of saw-teeth, 
145 

cutting angles of saw-teeth, 144 

driving belts, 193 

filing saw-teeth necessary, 144 

gauge, width, toothing, sharpen- 
ing, and setting of band-saws 
important, 165 

gulleting saw-teeth, 146 

piteh of saw-teeth, 135 

setting of saw-teeth, 149 

speed of driving, 15 
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VALUE of different timber standards, 
306 
Variable expansion gear, 65 
Vertical boiler, 68 
— engine and boiler combined, 64 
Vibration of saw frames, 102 
Vice for saw-filing, 143 



WAGGON and carriage works (rail- 
way) arrangement of, 28 
Waste of steam, 289 
AVater, feed heaters, 69 

— hu*d, minerals found in, 70 

— in, foundations, 102 

— percentage of, in wood, 241 

— power, 46 

— race for turbines, 57 

— speed of, in entering turbine, 58 

— supply, estimating, 55 

— to determine quantity of, flowing 
through penstock, 49 

Water wheels, 47 

calculating power of, 49 

effective power of, 49 

speed of, 49 

turbine, 49 

Weirs, rectangular, table of, 59 
Wheels, emeiT, lor saw sharpening, 

146 
Wheelwrights, timber for, 239 
Wire gauge, 299 
Wood, comparative values of, 315 

— decay o^ and its prevention, 249 

— fire-proofing for, 315 

— hard, saw-teeth for, 131 

— hardness of, 315 

— items about, 315 

— its formation, 248 

— percentage of water in, 241 

— suitable for mouldings, 269 

— tensile strength of, 315 

— to bend, 315 

— to prevent cracking, 315 
Wooden pavement, cross-cutting, 278 
Woods, and their uses, 317 

— commonly used in Great Britain, 324 
Woodwork for railway permanant wa} , 

manufacturing, 30 
Woodworking machinery, speeds of, 

209 
Working a shaping and moulding 

machine, 288 

— circular saws, 198 

— saw fiimies, 204 
Workshop, estate, 263 
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105. ed. 
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** RULES FOR ENGINE DRIVERS AND BOILER ATTEND- 
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Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst 
C.E., and M. Inst. M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and coiptaining 400 pages of Text. Imp. 4to, 6/. 6j. elegantly 
and substantially half-bound in morocco. 

List of Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns. — 
II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water- 
bearing formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VL On the Selection of 
the Source of Supply.— VII. Wells.— 
VIII. Reservoirs. — IX. The Purification 
of Water.- X. Pumps.— XI. Pumping 



Machinery.— XII. Conduits.— XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— XVII. Description of Plates. — Appen- 
dices, giving Tables of Rates of Supply, 
Velocities, &c. &c. , together with Specifi- 
cations of several Works illustrated, among 
which will be found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



" The most systematic and valuable work upon water supply hitherto p>roduced in 
English, or in any other language .... Mr. Humber's work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical treatises."— £»^*n«^r. 

Humbef^s Great Work on Bridge Constrtution. 

A COMPLETE and PRACTICAL TREATISE on CAST and 

WROUGHT-IRON BRIDGE CONSTRUCTION, including 

Iron Foundations. In Three Parts — Theoretical, Practical, and 

Descriptive. By William Humber, A. -M. Inst C. E., and M. Inst. 

M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 

6/. idr. dd. half-bound in morocco. 

" A book— and particularly a large and costly treatise liice Mr. Humber's — ^which 
has reached its third edition may certainly be said to have establislied its own 
reputation."— .ff;^«tfm«^. 
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Humhet's Modem Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING. First Series. Comprijing Civil, Mechanicsl, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, Ac 'By 
William Huubek, A.-M. Inst C.E., Ac Imp. 4ta, with 
36 Donble Plates, diawn to a Urge scale, and Portrait of JcAn 
Hawkshaw, CE., F.R.S., Ac, and descriptive LetCer-piess, Speci- 
fications, &c. 3/. 3/. half morocco. 

I plslei) -Bridae over the TbamM, West 

: , mour PUitea , SusKidiai Bndgc. Thames 

Sptatei): The Alien EnEineiSuipeniion 
ndftF, Avon (3 plates); Uade^ptjuod 
, Railway (3 plaits). 

. iL vib baa favour with many who de^rA 
' |JL.-Illaniiand Piivisfi^tiont pTCpatcd fOT thA 



HUMBER'S RECORD OF MODERN ENGINEERING. Second 

Series. Imp. 4to, with 36 Double Plates, Portrait of Rolwrt Ste- 
phetuon, C.E., &C, and descriptive Letterpress, Specifications, 
4c. 3/. 3/. halfmorocca 

Liil c/tAt Fluta and Diagrana. 
Birkenhead Docks, Low Water Buin | Viaduct, Menhyr, Tiedecar, mid Abspi- 
(iSplalM); Chirina Crosi Suijon Roof, venny Railway; College Wood Ifiaduo, 
CC. Railway |) plateil ; Diiiwell Via- Cornwall Railway ; Dublin Wmler Palace 
duct, G. N. Railway; Robbery Wood RoofljpUwsl ; Bridgeover theThames, 
Viaduct, G. N. Railway ; Iron Permanenl L. C. and D. Railway {i plates}; Albert 
Way; Clydach Viaduct, hi enhjT. Tre- Harbour, GreenoclcU platesj. 

H^MBER'S^COKD^Sf MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Fortrail of J. R, M'CIcan, 
Esq., late Fres. Inst. CE, and descriptive Letterpress, Specifica- 
tions, &c 3/. y. half morocco. 

LUI fj Iki Plain and Dioframi. 

Uaih Db*ikaob, Mgi " ■■ '- -' — ' "--'-" " " — 

KertkSidi.—Mip showing 
of Sewen 1 Middle Level Sew 
<hit&ll Sewer. Bridge — ' 



<plat»); OutCuTl Sewer, Bridge overMarsh 
Lane, North Woolwich Railway, and Bow 
■Dd Barking Railway Junction ; Outfall 
Sewer, Bridge over Bow and Barking 
Rallw» (3 plates); Outfall Scwei, Bridge 
orer Ea>t LDndon Waterworks' Feeder 



1; BolUng Stock: Gn- 



_ .. . . Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Lctterptess, Specifica- 
tions, &c. 3i 3j. half morocco, 

LUteflht Ptates and Diagra9Ht, 



Abbey Milb Pumptag SlaHc... 

Drainage. Metropolis (4 pUitet) ; Barrow 
Docks Tg plates) ; Manquu Viaduct, San- 
llago and Valparuso Railway (s plates) ; 
Adam's Locomotive, St. Helen's Canal 
ilatej); Cmoon Street Si ■" 

Rom! Blidge 
lei). Tciegi 



legnphic Apparatus fut Meso- 



Midland Railway (3 plales}! St. Cennan's 
Viaduct, Conimir Raihnjt {• plalei) ; 
Wrougfat-Iron Cylinder for DiviivBell; 
MiUwall Docks (6 plates): MilroyVFatcnt 
Eavvator, Metropolitan DtstitcL Railway 
(Splatei): Harbouri, Pom, ind Bnik- 
-—■rs {3 plate.). 
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Strains, Formulce & Diagrams far Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, A..M. Inst. C.E., &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 7/. 6d, cloth. 
"The system of employing diagrams as a substitute for complex computations 

is one justly coming into great favour, and in that respect Mr. number's volume is 

fully up to the tiaics."—£ngtfuerin^. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Shbilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, 5^. cloth. 

"The student cannot find a better book on this subject thanMr.Sheilds'.'' — Engineer, 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railwajrs, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst. C.E. 8vo, 400 pp., with 19 large Plates, i&r. cloth. 
'* The standard treatise upon this particular subject."— ^»^M«#r. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. TredgolD; C.E. 5th Edition. 
To which are added. Experimental Researches on the Strength, &c., 
of Cast Iron, by E. Hodgkinson, F.R.S. 8vo, 12s, clotL 

%♦ Hodgkinson's Researches, separate, price dr. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.LA. Third Edition, caremUy revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14;. cloth. 

"Undoubtedly an exceedingly useful and elaborate compilation." — Iron. 

'* Alike valuable to students and engineers in practice." — Mimng youmal. 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by * Induced Tidal Scour,' with a Description ot 
the Successful Reduction by this Method of the Bar at Dublm. By 
I. J. Mann, Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Royal 8vo. 7^. 6^. cloth. 

Hydraulics. 

HYDRAULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations 
and Field Operations. By Lowis D'A. Jackson. Fourth 
Edition. Rewritten and Enlarged. Large Crown 8vo. [/« the presi, 

B 2 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
%s, 6d. doth. %• Trautwine on Curves, separate, $1. 

" The text-book en levelUng in most of our engineering schools and cdU^es."^ 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub- Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30;. cloth. 
" It has been regarded from the first as a text-book of the subject. . . . Mr. Clark 
has added immensely to the value of the )xif:^*' '-^Engineer, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of SewelPs Treatise on Steam. By D. 
Kinnear Clark, M.I.C.E. Second Edition. i2mo, 4;. doth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. Inst C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
BURNELL, M.I.C.E. Sixth Edition, Revised, with large additions 
on Recent Practice in Civil Engineering, by D. Kinnear Clark, 
M. Inst. C.E. i2mo, *J5, 6d.y doth boards. 

Gas-L ighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2j. (xl. 

Bridge Construction in Masonry y Timber y & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON j consisting of 
46 Plates from the Contract Drawings or Admeasurement of sdect 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works,' 
with 6 pages of Diagrams. Imp. 4to, 2/. \2s, 6d. half- morocco. 
" A work of the present nature by a man of Mr. Haskoll's experience, must prove 
invaluable. The tables of estimates considerably enhance its yaX\x't.**'-Efigweerin£. 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis 
C/MPIN, C.E. Cr. 8vo, oblong, 5J. doth. 
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Tramways and their Working. 

TRAMWAYS : their CONSTRUCTION and WORKING. 
With Special Reference to the Tramways of the United Kingdom. 
By D. KiNNEAR Clark, M.I.C.E. Supplementary Volume; 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. With Wood Engravings. 8vo, I2j. cloth. 

Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
By D. Kinnear Clark, M. Inst. C. E. With Wood En- 
gravings, and thirteen folding Plates. The Complete Work, in 
2 vols., Large Crown 8vo, 30J. cloth. 
" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery.'"— 7I4tf^«jg7«*tfr. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5 J", cloth. 
" A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer. ' — Atketutunt, 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GoODEVE, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics," "The Elements of Mechanism," &c. Fourth 
Edition. With numerous Illustrations. Crown 8vo, dr. cloth. 
" Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself."— Jl/mm^ journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, ddT. 

** If steam-users would but learn this little book by heart, boUer explosions would 
become sensations by their nxity.**'— English Mechanic, 

Mechanical Engineering. 

DETAILS OF MACHINERY : Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, 
and Boiler- Yard. Arranged expressly for the use of Draughts- 
men, Students, and Foremen Engineers. By Francis Campin, 
C.E. i2mo. 3 J. dd. cloth. \Just published. 

Mechanical Engineering. 

MECHANICAL ENGINEERING: Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
facture of the Steam Engine, &c By F. Campin, C.E. 3^. cloth. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By F. Campin,C.E. i2mo. y. 6d. cL brds. 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C.E. i2mo,3J. 
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Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Foley, Curdiif, late Assistant 
Manager Palmer's Engine Works, Tarrow. With 29 fhll-page 
Lithographic Diagrams. Folio 2Ij. half-bound. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. srdEd. Imp. 8yo, &r.cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates, By the late Geo. Watson 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W, H . Barlow, M. I. C. E. Royal 8vo, 1 2j. doth. 

'* The standard text book for all engineers regarding skew arches."— ^n^^vM^r. 

GcLs and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.E. i2mo, 5j. doth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 4;. td. doth, 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E. Fifth Edition. Comprising A KEY TO THE 
LOCOMOTIVE ENGINE. With Illustrations. Cr.8vo,4r.6</. cL 
" Mr. Reynolds has supplied a want, and has supplied it well." — Engineer. 

The Engineer^ Fireman^ and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown 8vo, 41. ed. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. Second Edition, Revised and Enlarged. With Plates and 
Woodcuts. Crown 8vo, 4J. 6^. cloth. \yust published. 

Engine- Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine- Drivers. By Michael 
Reynolds. Crown 8vo, 2s. cloth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Practical Treatise on 
the several Systems in Use in the United Kingdom ; their Construc- 
tion and Performance. With copious Illustrations and numerous 
Tables. By Michael Reynolds. Large Crown 8vo, 9^. cloth. 

\yust published. 
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Construction of Iron Beams, PillarSy &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
constraction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E, 31, 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations^ 
handsomely printed, 544 pp., demy ^o, l/. 4;. cloth. 
** We can most heartily commend this book." — Engineering^. 

" Mr. Young's book on ' Fire Engines and Fire Brigades ' contains a mass of 
information, which has been collected from a varietjr of sources. The subject is so 
intensely interesting and useful that it demands consideration."— •^vf/dftni/g' News, 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems hi Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re- written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, idr. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 4S Cards, 
and sold in a doth box, waistcoat-pocket size, 3^. td, 
" Each table is printed on a small card, whiclC being placed on the theodolite, leaves 
the hands free to manipulate the instrument." — JEngineer. 

** Very handy ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — 

Engineering Fieldwork. lAthencmnu 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In I Vol., demy 8vo, l/. 5^., cl. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal 8vo, I2J. cloth. 
" Many of the methods given are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar ^laaiX&"— Building 
News. 

"Will be regarded by civil engineers as of the utmost value, and calculated to save 
much time and obviate many mistak&s."'— Colliery Guardian. 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

Levelling, Setting-out and in Route Surveys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D'A. Jackson, A.-M.I.C.E. Author of " Hydraulic Manual and 

Statistics," &c. Large crown 8vo, I2j. 6^., cloth. 

" Mr. Jackson has produced a valuable vade-tnecum for the surveyor. We caa 

recommead this book as containing an admirable supplement to the teaching of the 

accomplished surveyor.'* — Atfurutum. 

" A general text book was wanted, and we are able to speak with confidence of 
Mr. Jackson's treatise. . . . We cannot recommend to the student who knows 
something of the mathematical principles of the subject a better course than to fortify 
his practice in the field under a competent surveyor with a study of Mr. Jackson's 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the student." — Building News. 

" The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid style of writing, renders the book both a very 
useful one and very agreeable to read." — Builder. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc. Inst. C. E. Crown §vo, y, cloth. 
"A very useful book, and may be safely recommended. The author has had 
practical experience in tne works of which he treats." — Builder, 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of" Tramways, their Construction and Working," 
&c, &C. With numerous Illustrations. i2mo. 3^. 6(2. cloth b<xeu:ds. 
" The student cannot fail to profit largely by adopting this as his preliminary text- 
book." — Iron and Coal Trades Review. 

*' Seems a model of what an elementary technical bode should }at^ ^Academy, 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of " A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.CE. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel — Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4J. cloth boards. 
" Students should buy the book and read it, as one of the most complete and satis- 
iactory treatises on the combustion and economy of fuel to be had." — Engineer, 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, C.E., M.I.C.E. Second Edit, revised. i2mo, 5^. cloUi. 
*' A book which every borough surveyor and engineer must possess, and which will 

be of considerable service to architects, builders, and property owners generally."— 

Building News, 
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Sewing Machine {The). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating: a Practical Manual;" "Electric Light: its Production 
and Use." With Numerous Illustrations. i2mo, 2s, 6d. cloth. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
S)rstems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangentisd 
Angles and MtUtiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo.i2x. cloth. 
" The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the same." — Athemgum. 
"Cannot fail, from its portability and utility, to be extensively patronised by the 

engineering profession."— Afinti^ youmcU, 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.K, Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s. 6d, cloth. 
" As a really handv book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will niad a great amount of practical information very admirably arranged, and 
available^ for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's of&xx&,**— Artisan, 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fourth Edition, careftilly revised With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4^. 
" A copy of it should be kept for reference in every drawing office." — Engineering, 
" Indispensable for teachers of engineering drawing." — Mechanics* Majgasine. 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of ** Ure's Dictionary of Arts." i2mo, ds. cL bds. 

" The best small technological dictionary in the language." — Architect. 

" The absolute acctuacy of a work of this character can only be judged of after 

extensive consultation, and from our examination it appears very correct and very 

complete." — Mining Journal, 
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MINING, METALLURGY, ETC. 

f— 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £\ &f. cloth. [Just published. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of "A Treatise on 
Slate and Slate Quarrying." With numerous wood engravings. 
Second Edition, revised. Cr. 8vo. 12s. (>d. cloth. 
*' Without question, the most exhaustive and the most practically useful work we 

have seen : the amount of information given is enormous, and it is given concisely 

and intelligibly." — Mining Journal. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. l2mo, 3J. ()d. cloth boards. 
"Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears familiar." — Engineering, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 
Revised and greatly Enlarged. With Numerous Illustrations, 
i2mo. 5 J. 6fl^., cloth boards. \Just published. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans. Volume of Text. 
l2mo, 3J-. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6j. Together, Qj. cloth boards. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., i2mo, 41. cloth. 
•#♦ The above, bound with Thoman's Tables. (See page 20.) 
Price *js, 6d. cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Wawngton W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. Fifth edition, revised and corrected. 

i2mo, with numerous Illustrations, 4^. cloth boards. 

" Every portion of the volume appears to have been prepared with much care, and 

as an ouUme is given of every known coal-field in Uus and other countries, as well as 

of the two principal methocis of working, the book will doubtless interest a very 

large niunbca: of readers." — Mining Journal, 

Underground Pumping Machinery. 

MINE DRAINAGE ; bemg a Complete and Practical Treatise 
on Direct- Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Macliinery. By Stephen Michell, Joint- Authorof " The 
Cornish System of Mine Drainage." 8vo, 1 5 j. cloth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 
Pocket Book for Naval Architects& Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., 12s. 6d., strongly bound in leather. 
*' Should be used by all who are engaged in the construction or design of vessels." 
— E?tgineer. 

** There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — English Mechanic. 

** Mr. Mackrow has compressed an extraordinary amount of information into this 
useful volume." — Atheneeum. 

Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING 5 with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples, Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c 2/. 2J. complete. 

" Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dodcyards will be mainly based." — Enginetring, 

Pocket-Book f Of Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N. A. Third Edition. Royal 32mo, leather, gilt edges, 4r. 

"A most useful companion to all marine engineers." — UniUd Service Gazette. 

" Scarcely anything required by a vostX engineer appears to have been for* 
gotten."— /nwi. 
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L ight-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major Gecrge H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text 8vo, 2IJ. clotb. 

Surveying [Land and Marine). 

LAND AND MARINE SURVEYING, In Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Tov/ns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveyii^; Instruments. By W. Davis Haskoll, C. K 
With 14 folding Plates, and numerous Woodcuts. 8vo, 12s, 6d, doth. 

"A most useful and well arranged book for the aid of a student" — Builder. 

" Of the utmost practical utiUty, and may be safely recommended to all students 
who aspire to become clean and expert surveyors."— ilfiiwM^ JourMol. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, loj. 6d, cloth boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, 3^. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R, 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4J. cloth boards. 

Navigation {Practical) ^ with Tables. 

PRACTICAL NAVIGATION : consistmg of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, ^s, strongly half bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The following books in Naval Architecture, etc,, are published in the 

above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. Fourteenth Edition. i2mo, 2s. 6d. cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, 3J. doth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, 4J. cloth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Seventh Edition. i2mo, 3;. 6d. cloth bouds. 
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ARCHITECTURE, BUILDING, ETC. 



Construction. — ^* — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged, including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, yj. dd. cloth. 
*' A very valuable book, which we strongly recommend to all students." — Builder, 
" No architectural student should be wi^ut this hand-book." — Architect. 

Civil and Ecclesiastical Btdlding. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restor.\tion. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells," &c. i2mo, 5^. cloth boards. 
*' A book which is always amusing and nearly always instructive. We are able 
veiy cordially to recommend all persons to read it for themselves. "—Times. 

'We commend the book to the thoughtful consideration of ail who are interested 
in the buildins: ^sX."— Builder. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Desi^^is for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of ** The Spires and Towers of tiie Mediaeval Churches of Eng- 
land," &c. 30 Plates, 4to, half morocco, gilt edges, i/. is, 
%* Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2s, half morocco. 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. B)r F. Rogers. Cr. 8vo, 6j. cloth. 

"As a text-book of useful information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little volume." — Standard. 

The Young Architects Book, 

HINTS TO YOUNG ARCHITECTS. By G. Wightwick. 
New Edition. By G. H. Guillaume. i2mo, cloth, 41. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, *is, 6d. boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught -power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, y. 6d. cloth. 
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Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (son 
of the late G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of arclutectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detail Large folio, with 130 Plates, half-bound, 5/. xs» 
*«* Originally published in two volumes, folio, at 18/. i&f. 

Vitruvius^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A, F.R.AS. 
Numerous Plates, i2mo, cloth limp, 5j. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gvitilt, F.S.A., 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, 6x., half-bound. 
♦,* The only edition of VITRUVIUS procurable at a moderaU price. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (NfODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, l2mo, dr. half-bound. 

Civil Architecture. 

A TRE\TISE on THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sir William Chambers, F.R.S. 
With Illustrations, Notes, and an Examination of Grecian Archi- 
tecture. By Joseph Gwilt, F.S.A. Revised and edited by W. 
H. Leeds. 66 Plates, 4to, 2IJ. doth. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 

• SIGN WRITING : a Practical Manual o£ With 9 Coloured 

Plates of Woods and Marbles, and nearly 150 Wood Engravings. 

By Ellis A. Davidson. Third Edition, Revised. i2mo, ds, cloUi. 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Fourth Edition, Revised and much enlarged, with 300 illustrations. 
I2mo. 4J. cloth. \yust published. 

joints used in Buildings Engineerings &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 
construction of various kinds of Engineering and Architectural 
works, with especiiil reference to those wrought by artificers in 
erecting and finishing Habitable Structures. By W. J. Christy, 
Architect. With 160 Illustrations. i2mo, 3^. dd, cloth boards. 

\Just published. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donaxd- 
SON, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1060 pages of text, and 33 Plates, cloth, i/. lu. 6^. 
*' In this work forty-four sx)ecifications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects.**— ^»iiU!rr. 

Specifi4:ations for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15^. cloth. 

*«* A Yolume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extract from Preface, 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; contafaiing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lar. 6d, cloth. 

" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the work." — Engineering, 

Beaton s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially appHed to Carpenters' 
and Joiners' work. By A. C. Beaton, Second Edition. 
Waistcoat-pocket size. ix. 6d, 

Beaton* s Builder^ and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the BuUding Trades, &c. By A. C. Beaton, ij. dd. 

The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or. What will it 
Cost to Build, Alter, or Repair? A Price-Book for Unprofes- 
sional People, Architectural Surveyors, Builders, &c. By the late 
James D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. 
Third Edition, Revised. Crown 8vo, 3J. 6</., cloth. 
" In two years it will repay its cost a hundred times over." — Field 
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Cement 

PORTLAND CEMENT FOR USERS. By Henry Faija, 
A.M. Inst. C.E., with Illustrations. Crown 8vo. 3J. dd, clotlL 
'* A nsefttl compendium of results for the builder and architect." — Building News. 

Builder^ s and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building, 
&c Revised by F. T. W. Miller, A.R.I.B.A. Half-bound, 4J. 



CARPENTRY, TIMBER, ETC. 

♦ 

TredgolcTs Carpentry, new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
Ae Specific Gravities of MateriiJs, &c. By Thomas Tredgold, 
C.K Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2/. 2J., reduced to i/. 5j. cloth. 
" Ought to be in every architect's and every builder's hbrary, and diose who 
do not already possess it ought to avail themselves of the new issue. — Builder. 

** K work whose monumental excellence must commend it wiierever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic •H9hxt^*~~BuUding Newt, 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
& BUILDER'S STANDARD GUIDE. By R. E. Grandy. 
2nd Edition. Carefully revised and corrected. i2mo, y. 6d cloth. 



*' Everything it pretends to be : built up gradually, it leads one from a forest to a 

ight, a host of material concerning I 
cisterns, &c. — all that the class to whom it appeals requires." — £f^7isA Mechanic, 



treenail, and throws in, as a makeweight, a host of material concerning bricks, coliunns. 



Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, 6j. 

Tcd)lesfor Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, 3^. td. doth. 

** Invaluable labour-saving: tables." — Irofimonger. 

Carnage Building &c. 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper keeping of Carriages, 
&c. 57 Illustrations. By James W. Burgess. i2mo, y. cloth. 
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Hortofis Measurer. 

THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
"With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&c. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By RICHARD HoRTON, 
Fourth Edition, with considerable and valuable additions, I2m0y 
strongly bound in leather, 5^. 

Hortofis Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2j. leather. 

Nicholson! s Carpenter s Guide. 

THE CARPENTER»S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is. doth. 

Dowsing' s Timber Merchants Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION J containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant. Third Edition, Re- 
vised. Crown 8vo, y. cloth. 
''Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it" — Hull Advertiser. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, beii^ a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c By W. Richardson. Fcap. 8vo, 3J. (id. cL 

Woodworking Machinery. 

WOODWORKING MACHINERY; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economiqal Conversion of Timber. Illustrated with Examples 
ef Recent Designs by leading English, French, and American 
Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 
I2J. 6</. cloth. 
" Mr. Bale is evidently an expert on the subject, and he has collected so much 
information that his book is all-sufficient for builders and others engaged in the con- 
version of timber. " — A rchitect. 

"The most comprehensive compendium of wood-working machinery we have 
seen. The author is a thorough master of his subject." — Building News. 
"It should be in the otfice of every wood- working factory." — English Mechanic, 
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iMmtng. — • — 

LATHE- WORK : a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Paul N. Has- 

LUCK. With Illustrations drawn by the Author. Crown 8vo, 5j. 

" Evidently written from personal experience, and gives a large ain<> i|fit of just 

that sort of information whicn beginners at the lathe require." — BuUtUr. 

Mechanics Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 13th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engiaeers, 
&c. \ and an Extensive Table of Powers and Roots, i2mo, 5/. bound. 
" Admirably adapted to the wants of a very lar^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this Uttle work. **-^Builaut£ Ntmt, 

Engineer's and Machinists Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. By Wm. Templkton. i8mo, %s, 6d, 

Smith's Tables for Mechanics^ &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, &c. Selected and Arranged by Francis Smith. 
Waistcoat-pocket size, is. 6d., limp leather. \yust published. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templating, for the use of 
Platers, Smiths, and Riveters. By John Courtney, Edited by 
D. K, Clark, M. I. C.E. i2mo, 9J. half-bd. [Just published. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. By J. Hawkings. Fcp. y, dd. d« 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated from the German, with Notes^ by Dr. Pole, 
F.R.S. Plates, 8vo, i6j. (id, cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E. 

Fifth Edition. l2mo, 6j. cloth. 
" 1'he best work on boilers which has come under our notice." — Enguutring, 
" I'he best treatise that has ever been published on steam boilers."— ^Mi^WMrr. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By DiONYSius 
Lardner, D.C.L. New Edition, Edited and considerably En- 
larged, by Benjamin Loewy, F.R.A.S.,&c., post 8vo, 6x. cloth. 
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MATHEMATICS, TABLES, ETC. 

■ ♦ 

Metrical Units and Systems, &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
taining a proposed English System. By Lowis D'A, Jackson, 
A.-M. Inst. C.E., Author of " Aid to Survey Practice," &c. 
Large Crown 8vo, izr. 6fl^. cloth. [Just published^ 

Gregorys Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN j being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I, 
PuRB Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R. A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. u. doth. 

Mathematics as applied to the Constructive Arts, 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Matjiematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Campin, C.E. i2mo, 3^. 6^. cloth. [Just published. 

Geometry for the Architect, Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engmeer, and 
Mechanic. By E. W. Tarn,M.A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, 9j. cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DowLiNG, C.E. 2nd Edit, revised and enlarged. 8vo, lar. dd. cL 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William Inwood. 21st edition, with 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c. By M. F&dor Thoman. i2mo. &r. doth. 
" Those interested in the purchase and sale of estates, and in the adjustment of 

compensation cases, as well as in transactions in annuities, life insurances, &c., will 

find the present edition of eminent iKVt\Qit,"'—Et^ineering, 

Weights, Measures, Moneys, &c. 

MEASURES, WEIGHTS, and MONEYS of all NATIONS, 
and an Anal3rsis of the Christian, Hebrew, and Mahometan 
Calendars. Entirely New Edition, Revised and Enlarged. By 
W. S. B. WooLHOUSE, F.R.A.S. i2mo, zr. 6df. cloth boards. 

c 2 
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Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By FiDOR Thoman, 
of the Sod^ Credit Mobilier, Paris. 3rd Edit, i2mo, 41. dd, cL 

Iron and Metal Traded Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive ^lan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from i«. per cwt to i I2r. per 
cwt., and from one farthing per lb. to \s, per lb. Each Table ex- 
tends from one lb. to 100 tons. By T.Down IE. 396 pp., 9^., leather. 
" Will supply a want, for nothing like it before existed." — Buildup News. 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet RoUuig 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare, Author of 'The Slide Rule,' &c. Eighth 
Edition. Oblong 32mo, dr., leather. 
** For comprehensiveness the book has not its equal" — Irtm, 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv Harben, Accountant, Sheffield. New 
Edition. Royal 8vo, i/. 5^., strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprismg several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from i J to 90 per cent.. 
Tables of Discount from ij to 98I per cent., and Tables of Commis* 
sion, &c., from \ to 10 per cent. By Henry Harben, Accountant. 
New Edition. Demy 8vo, i/. 5^., half-bound. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition. i2mo, 5^. cloth. 
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SCIENCE AND ART. 



Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enamels, &c. By George E. G££. 
Second Edition, enlarged. i2mo, 3^. dd. cloth. 

** The best work yet printed on its subject for a reasonable price." -^JeweUer. 

'* Essentially a practical manual, well adapted to the wants of amateurs and 
apprentices, containing trustworthy information that only a practical man can 
supply," — English Mechanic. 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, contaming full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation Alloys, &c. By G. E. Gee. i2mo, 3^. 6</. 
'* The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when they sit down to study it." — English Mechanic. 

Hall- Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom ; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall' 
Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c. By 
George E. Gee. Crown 8vo, 5^. cloth. \y tut published. 

Electro-Platings &c. 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, $s. cloth. 
*'Any ordinarily intelligent person may become an adept in electro-depoiition 
with a very little science indeed, and this is the book to show die way." — BuibUr, 

Electrotypings &c. 

ELECTROTYPING : A Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of MetaS. By J. W. Urquhart, C.E. 
Crown 8vo,' 5^. cloth. 
"A guide to beginners and those who practise the old and imperfect methods." — Iron. 

Electro-Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c., 
&c. Seventh Edition, Revised and Enlarged, including the most 
recent Processes. i2mo, 3^. 6^. cloth. 
''From this book both amateur and artisan may learn everything necessary for 

the successful prosecution of electroplating." — Iron. 

" A practical treatise for the use of those who desire to work in the art of ekctro- 

deposition as a business."— ^/r^/wA Mechanic. 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formulae, Tables, and Receipts for Gold 
Plate, Clasps, Solders, etc, etc. By Charles Hunter. Second 
Edition, Revised ; including a new chapter on the use of Celluloid. 
With over lOO Engravings. Cr. 8vo, Ts. 6d, cl. [Just published, 
*' An authoritative treatise, which we can strongly recommend to all students." — 
Dublin Journal of Medical Science. 
"The best book on the subject with which we are acquainted." — Medical Pres». 

Electricity. 

A MANUAL of ELECTRICITY 5 including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph,D., F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, i/. 4*. cloth. 
"The accounts i^ven of electricity and galvanism are not only complete in a scientific 
sense, but, which is a rarer thing, are popular and interesting.— .^owr/. 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., &c. New Edition, Revised. 
With an Introduction and Additional Chapters by W. H. Preece, 
M.I.C.E., Vice-President of the Society of Telegraph Engineers, 
&C. With 470 Illustrations. Crown 8vo, izr. 6^. cloth. 
*'A reflex of the existing state of Electrical Science adapted for students."— 
W. H. Preece, Esq., vide** Introduction." 

'* We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable."— i4 ^A^m^wmt. 

" An admirable text-book for every student— beginner or advanced — of electricity.'' 
"-Engineering, 

" Recommended to students as one of the best text-books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventions in the shape 
of telegraphic, telephonic, and electric-lighting apparatus." — English Mechanic. 

" Under die editorial hand of Mr. Preece the late Dr. Noad s text-book of elec- 
tricity has grown into an admirable handbook." — Westminster Review, 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C.E., 
Author of ** Electroplating." Edited by F. C. Webb, M.LC.E., 
M.S.T.E. With 94 Illustrations. Crown 8vo, ^s, 6d. cloth. 

* ' The book is by far the best that we have yet met with on the subject." — A thenteum. 

"An important addition to the literature of the electric light. Students of the 
subject should not fail to read it" — Colliery Guardian, 

Lightning y &c. 

THE ACTION of LIGHTNING, and the MEANS of BE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Arthur Parnell, Major in the Corps of Royal Engineers. 
l2mo, 7 J. dd. cloth. \jfust published, 

" Major Parnell has written an original work on a scientific subject of unusual inte- 
rest ; and he has prefaced his arguments by a patient and almost exhaustive citation 
of the best writers on the subject in the English language." — Athemeum. 
" The work comprises all that is actually known on the subject." — Land. 
" Major Parnell's measures are based on the results of experience. A valuable 
repertoire of facts and principles arranged in a scientific form.' --Building News. 
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TAe Alkali Trade — Sulphuric Acidy (2fc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/. 1 2 J. 6d, cloth. 

This work provides (i) a Complete Handbook /or intending Alkali and Sulphuric 
Acid Manufacturers^ and for those already in the field who desire to improve their 
plant f or to become practically acquainted with the latest processes and developments 
of the trade ; (3) a Handy Volume which Manufacturers can put into the hands qf 
their Managers and Foremen as a useful §^ide in their daily rounds of duty. 

Synopsis op Contents. 



Chap. I. Choice of Site and General 
Plan of Works— II. Sulphuric Acid — 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon thejNoxious Vapours Ques- 
tion — ^VI. The Hargreaves' and Jones' 
Processes-jVII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



IX. Carbonating or Finishing — X. Soda 
Crystals — XI. Refined AlkaU — XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste-XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Noxious Vapours Question. 



" The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer, 

'* This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 333 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufactiu% is veiy fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technical details of this trade receives the fullest attention. The book has been 
produced with s^reat completeness." — Athenaum. 

**The author is not one of those clever compilers who, on short notice, will 'read 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronotmce a credit alike to its author 
and to the enterprising firm who have imdertaken its publication."-— CA^mtca/ 
Review, y-.«. 1^ 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry,'' and Editor of Rose's 
'* Treatise on Chemical Analysis." New Edition. Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. Svo, I2j. td, doth. 

** We recommend diis book to die careful perusal of every one ; it may be truly 
affirmed to be of tmiversal interest, and we strongly recommend it to our roulers as a 

Side^ alike indispensable to the housewife as to the pharmaceutical practitioner."— 
edtcal Times, 

" Essential to die analysts appointed under the new Act. The most recent results 
are given, and the work is well edited and carefully written." — Naturtd 
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Dr. Lardnet^s Mttseum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £1 I J., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31X. 6^. 

OPINIONS OF THE PRESS. 

" This series, besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in tbe country ought to be acquainted, also undertakes 
that teaching of ' common things ' which every well- wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet with disappoinc- 
ment" — Times. 

** A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects oi importance and great scientific knowledge, considerable tnouc- 
tive powers, and a popular style of treatment." — Spectator. 

** The * Museum of Science and Art ' is the most vahiable contribatioD diat has 
ever been made to the Scientific Instruction of every class cS society.** — Sir Deeoid 
Bretuster in the North British Review. 

''Whether we consider the liberality and beauty of the illustrations, the dbann of 
the writing, or the durable interest of the matter, we must express onr belief that 
there is hardly to be found among the new books, one that would be w e lcomed by 
people of so many ages and classes as a valuable present." — Examiner, 

\* Separate books formed from the ahove^ suitable for Workmen^ s 

Libraries^ Science Classes^ 6r*c, 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 5^. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microsco{Hc 
Objects, the Solar Microscope, Microscopic Drawing and Ei^rav- 
ing, &c. 147 Illustrations, cloth gilt, zr. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s. td, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c 85 Illus- 
trations, cloth gilt, 2s, 6d, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. S) Illustrations, cloth gilt, 2s, 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 41. 6d, 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and InteUigence. 135 Illus- 
trations, cloth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is. 6d. 
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Dr. Lardnef^s Handbooks of Natural Philosopky. 

•«• The following five volumes^ ihimgh each is Complete in itself, and to he Pur- 
chased separately ^ /orm A Complete Course of Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
various departments of Physical ScieTice, without pursuing them according to the 
more profound methods of mathematical investigation. The style is studiously 
popular. It has been the author's aim to supply Manuals such as are required by 
the Student f the Engineer y the Artisan, and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s, cloth. 
" The perspicuitv of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, axKi to 
the practical business of life." — Mining youmal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 

New Edition, Revised and Enlarged by Benjamin Loewy, 

F.R.A.S. With 236 Illustrations. Post Svo, ^s. cloth. 
" For those * whQ desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation/ this work is not merely in- 
tended, but well adapted."— C<4^w«ra/ News, 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Post Svo, 6j. cloth. 
*' The style is always clear and precise, and conveys instruction without leaving 

any cloudiness or lurking doubts behind." — Engiruering^ 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post Svo, 5j. cloth. 
" Written by one of the ablest English scientific Mnriters, beautifully and elaborately 
illustrated. **-T^^c/<<i»tt:j' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B. A., F.C.S. With 400 Illustrations. Post Svo, 5j. cloth. 

" The book could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and briagiag up his 

work to the present state of scientific knowledge." — Popular Science Review, 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Formmg a Com- 
panion to the "Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L. Fourth Edition. Revised and Edited by 
Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With 
38 Plates and upwards of 100 Woodcuts. In I vol., small Svo, 

550 pages, 9J. 6^., cloth. 

" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Athenctum. 

** We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend ic to aH who wish to acquire a general — but at 
the same time correct — acquaintance with this sublime science." — Quarterly youmal 
of Science. • 

Dr. Lardnef^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small Svo, 
cloth, 732 pages, 7j. (xi. 
We have no hesitation in cordially recommending it." — Educational Times, 
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Dr. Lardner^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lajldnkr. 

328 Illustrations. Sixth Edition. I voL 31. 6d, doth. 
'* CoDveva. in dear and precise terms, general notions of all the principal divisions 
of PhyBical Science."— i?n/irA QtiarUrly Rtvirw, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dk. Labdnzr. 

With i^ Illustrations. Second Edition, i voL 3^. 6d, cloth. 
" Qeariy wntten, well arranged, and excellently illustrated. **—<SardtM4r^ CkrauicU, 

Dr. Lardner^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, by E. B. Bright, F.R.A.S. 
140 Illustrations. Small 8vo, 2J. dd, cloth. 
'* One of the most readable books extant on the Electric Tdegraph."— £«!f. Medumic, 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S.J F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd EditioiL Cr. 8vo, ^s, 6(L doth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or. Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor le Vaux. Fcap. 8vo, 51. cloth. 

^ " A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God'» Works against God's Word. 
No real difficidty is shirked, and no sophistry is left imexposed." — The Rock, 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; bemg a Series of Essays on— i. 
' Alleged Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso, &c. By Prof. J. R. Young. Fcap. Sj. dotlu 

Geology. 

A CLASS-BOOK OF GEOLOGY: Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and *• Historical Geology," which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. Svo, 5j. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev, 
John Carr, M. A, late Fellow pf Trin. ColL, Camb. i8mo, 5j. cL 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re- Lining, and Restoring, Principal Schools of Painting, 
Copyists and Imitators. By Philippe Daryl, B. A. Cr. 8yo> 3f. (id, d. 
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Clocks^ Watches y and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late £. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth Edition, revised and en- 
larged. Limp cloth (No. 67,Weale's Series), 41. 6</.; cloth bds. 5x. 6^. 

"The Mst work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. " — Engineering. 

"The only modem treatise on clock-making." — H&rological JoumaU 

The Construction of t/te Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 

M. A., Precentor of Ely Cathedral. Second Edition, revised, with 

Additions. i2mo, 3^. cloth boards. \yust published, 

" In many respects the book is the best that has yet appeared on the subject. We 

cordially recommend \t.'* —English Mechanic. 

"The amateur builder will find in this book all that is necessary to enable him 
personally to construct a perfect organ with his own hands." — Acculemy, 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3J. 6d, cloth. 

" A thoroughly scientific treatise in popular language." — Morning Advertiser. 
** We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c By J, 
W. Slater. Second Edition. Re-written and Enlarged. Crown 
8yo, 7j. ()d. cloth. [Just published. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New edition. By 
Ellis A. Davidson. i2mo, 3J. ()d, cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s. td, bound. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. 2nd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal 8vo, doth, 4A IQr. 

JField Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, izs. complete. 
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Delamott^s Works an Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudunentaiy Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illimiinated MSB., printed in Gold and Colours. By F. DsLA- 
MOTTE. Small 4to, 9^. Ellegantly bound, cloth antique. 

"The examples of ancient MSS. reoommeoded to the student, which, with much 
^ood sense, the author chooses from collections accessible to all, are selected with 
judgment and knowledge, as well as taste."— u4/AMun0W. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDLEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamottb, and 

printed in Colours. New and Cheaper Edition. Royal 8vo, 

oblong, 2J. 6^. ornamental boards. 

" For those who insert enamelled sentences round glided chalices, who Uazon shop 
legends over shop-doors, who letter church walls with pithy sentences firom the 
Decalogue, this book will be useful*" — Athenttum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gk>thic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2j. (>d, ornamental boards. 

" There is comprised in it every possible shape into ni^uch the letters of the alphabet 
and ntimerals can be iormti^** ••Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6j. doth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; contahiing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, is, 6d, ornamental wrapper. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s, 6d, 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
firom ' A Lady's ' puUication." — Atksfueum. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas John Gullick, 
Painter, and John Timbs, F.S.A Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. InsmallSvo, 5^. 6</. doth. 
\* TTiis Work has been adopted as a Prize^book in the Schools of 
Art at South Kensington. 
" Contains a lai^e amount oJF original matter, agreeably conveycid.''-^BmltUr, 
** Much may be learned, even by chose who fancy they do not require to be taught, 
from the careful perusal of this unpretending but comprdhensive treatise. ''--^r/TMffwa/. 
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AGRICULTURE, GARDENING, ETC. 
Yotuitt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. ix. half-bound. 

** The standard and text-book, with the fanner and grazier.** — Farmer's Magazine. 

"A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

History y Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, -with fine engravings, including specimens of New 
and Improved BreeVls. 366 pp., ^, cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also treating of the Breeding, 
Rearing, Fattening, and Slaughtering of Meat- yielding Live Stock ; 
Indications of the Quality, etc. By John Ewart. Cr. 8vo, 5j. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — meat and Provision Traded Review, 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With Additions, Illustrating the more Modem Prac- 
tice, by R. Scott Burn. i2mo, 4^. clo3i boards. 

English Agriculture, 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. Kains- Jackson. i8mo, 2j. (>d. cloth. 

** A clearly written description of the ordinary routine of English farm-life." — Land. 
*' A carefully written text-book of Agriculture." — Atfutnaum. {Economist. 

"A most comprehensive volume, giving amass of information." — Agricultural 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town Sewage, Irrigation, &c. New Edition. 
In I yoL 1250 pp., half-bound, profusely illustrated, I2J. 
'* There is sufficient stated within the limits of this treatise to prevent a farmer 
from going far wrong in any of his operations." Observer, 
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The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Fanning, Farm Building, Irrigation, 
Drainage, &c By R. ScoTT Burn. i2mo, y. cloth. 
" A complete and coraprdiensive outline of the duties appertaining to the nuuiafe- 
ment of landed estates." — Journal qf Forestry. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, 3J. 

Manas;ement of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn. (The above Two Works in One VoL) 6s, 

Hudson's Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: befaig Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c By R. Hudson, C. E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 41. 

Ewarfs Land Improver^ s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor. 32mo, leather, 4J. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7j. 6d, 
** We consider Hudson's book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work greatly enhances the value and usefulness of the latter-mentioned. — 
It is most usef^ as a manual for reference." — North of En^^and Farmer, 

Grafting and Budding. 

THE ART OF GRAFTING AND BUDDING. By Charles 
Baltet. Translated from the French. With upwards of 180 
Illustrations. i2mo, 3J. cloth boards. \yust published. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. In- 
cluding Choice of Trees, Planting, Grafting,' Training, Restoration 
of Unfruitful Trees, &c. From the French of Du Breuil. Third 
Edition, revised. With an Introduction by George Glenny. ^f.cl. 
" The book teaches how to prime and train fruit-trees to perfection." — Field, . 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, zs. d. 
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Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Or. 8vo, Jj. cloth. 
*' A veiy ffood book, and one to be highly recommended as a practical guide. 
The practicsd directions are excellent" — Atherueum, 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or. How to make One 
Acre of Land produce ;f 620 a year, by the Cultivation of Fruits 
and Vegetables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise ;f 176 per annum clear Profit. By SAMUEL 
Wood. 3rd Edition, revised. Cr. 8vo, 2j. cloth. 
" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower." — Gardener's Magazine, 

Gardening for Ladies, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S. Wood. Cr. 8vo, 31. dd. 

Bulb Culture. 

THE BULB GARDEN, or. How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samuel 
Wood. Coloured Plates. Crown 8vo, 3J. dd. cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propagation of Forest Trees, Fruit 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, zs, dd, cloth. 

Tree Pruning. 

THE TREE PRUNER : A Practical Manual on the Pruning of 
Fruit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, Climbers, &c. By S. Wood. i2mo, 2j. 6^. cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
Bv Samuel Wood, Author of ** Good Gardening," &c Consisting 
of the above Two Works in One Vol., 5J. half-bound. 

Early Fruits^ Flowers and Vegetables. 

THE FORCING GARDEN : or. How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S. Wood. Crown 8vo, 3^. dd. 

Market Gardenings Etc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to **The Garden." Compiled by C. W. Shaw, Editor 
of "Gardening Illustrated." i2mo, 3j. dd, cl. bds. \Just published. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, etc. By G. M. F. Glenny. i2mo, 2s. 
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^A Complete Epitome of the Laws of this Country.* 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition. 
Corrected to the end of last Session. Embracing upwards of 
3,500 Statements on Points of Law, Verified by the addition of 
Notes and References to the Authorities. Crown 8vo, cloth, 
price 6s, &/. (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 

AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 

LAW, GAME AND FISHERY LAWS, POOR MEN's LAW, THE LAWS OF 



Bankruptcy — Bills of Exchange — 
Contracts and Agrkbments — Copy- 
right—Dower AND Divorce — Elec- 
tions AND Registration — Insurance 
— Libel and Slander — Mortgages— 



Settlements— Stock Exchange Pr ac- 
TicE— 1'rade Marks and Patents- 
Trespass, Nuisances, etc — Transfer 
OF Land, etc — Warranty — Wills 
AND Agreements, etc 



Also Law for Landlord and Tenant — — Friendly Societies — Qergymoi, Church- 
Master and Servant— Workmen and Ap- wardens — Medical Practitioners, &c. — 
prentices — Heirs, Devisees, and L^a- ; Bankers — Fanners — Contractors — Stock 



and Share Brokers — Sportsmen and Game- 
keepers — Farriers and Horse-Deaiers— 
Auctioneers, House-Agents — Innkeepers, 
&c. — Pawnbrokers — Surveyors — Kail- 
ways and Carriers, &c., &c 



tees — Husband and Wife — Executors 

and Trustees — Guardian and Ward — 

Married Women and Infants — Partners 

and Agents — Lender and Borrower — 

Debtor and Creditor — Purchaser and 

Vendor — Companies and Associations 

'* No Englishman ought to be without this book.** — Engineer, 

** What it professes to be — a complete epitome of the laws of this country, diorotighly 

intelligible to non-professional readers. The book is a handy one to have in readiness 

when some knotty point requires ready solution." — BelVs Life. 
" A useful and concise epitome of the law." — Law Magazine, 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c 
Fourth Edition, enlarged, by C Norris. Royal 32mo, cloth, 5^. 
" A concise book of reference, containing a clearly- arranged list of prices for 
inventories, a practical guide to determine the value of furniture, &.c**^StcmdartL 

A uctioneerin^. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, los, 6d. cloth. 

" Every auctioneer and valuer ought to possess a copy of this valuable work." — 
House Property. VIranmonger, 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, aiid Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures, &c. By E. L. Tarbuck. 2nd Edit. i2mo, y, td. doth. 

"We are glad to be able to recommend it." — Builder. 

'* The advice is thoroughly practicaL" — Law J&umaL 

Metropolitan Rating, 

METROPOLITAN RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West- 
minster, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramways, Wharves, Public Houses, 
&c. By Edward and A. L. Ryde. 8vo, izs, 6d, 

firadbury, Agnew, ft Co., Printen, Whitefriars, LoPdon. 
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A NEW LIST OF 

WEALK'S SERIES 





5- " WEALE'S SERIES iacludes Teit-Books on almost every branc 
Science and Industry, comprising such subjects as Agriculture, Architect 
and Building. Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneo 
Treatises. The whole are constantly under^oin^ revision, and new edition , 
brought up to the latest discoveries in scientiiic research, are constantly 
issued. The prices at which they are sold are as low as their excellence 
assured." — Anurican Literary Gaeelte. 

Amongst the literature of technical education, WeaLe'S SERIES has ei 

enjoyed a high reputation, and the additions being made by Messrs. Crosby 

LocKWOOD & Co. render the aeries even more complete, and bring the infor- 

ion upon the several subjects dawn to the present time." — Mining 
yournal. 

It is impossible to do otherwise than bear testimony to the value of 
WEALE'S Ser:ss."— Engineer. 

" Everybody — even that outrageous nuisance ' Every Schoolboy ' — kni 
,e merits oC ■ Whale's Ruoimentakv Series.' Any persons wishinj, 
iquiie knowledge cannot do better than lool: through Weale's Series and 
„ It all the books they require. The Series is indeed an inexhaustible n 
of literary wealth."— rfe Mttropoliian. 

" WEALE'S SERIES has become a standard as well as an unrivaUed 
collection of treatises in all branches of art and science."— PmSHc Opinion 



LONDON, 1862. ^ 

^ THE PRIZE MEDAL ^ 

r^s awarded to die Publisher! 

"WEJtLE'S SERIES." 
CROSBY LOCKWOOD & CO., 

, stationers' hall court, LUDGATE HILLj LONDON, K.C. 




weale's rudimentary series. 



WEALE*S BTTDIMEirTAET SCIENTIFIC SERIES. 




*<j» The volumes of this Series are freely Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp clotb, unless otherwise stated; but the volumes marked 
with a X may also be had strongly bound in cloih boards for 6d^ 
extra, 

N.B.—In 'ordering from this List it is recommended^ as a 
means of facilitating business and obviating error^ to quote the 
numbers affixed to the wAumeSy as well as the titles and prices. 



No. ARCHITECTURE, BUILDING, ETC. 

i6.* ARCHITECTURE— ORDERS— The Orders and their JEsthetic 
Principles. By W. H. Leeds. Illustrated, zs. 6d. 

17. ARCHITECTURE— STYLES— Tht History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bory, F.R.I.B.A., &c. Illustrated. 2s. 
%* Orders and Styles of Architecture, in One VbL^ 3s. 6d. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplincd in the Works of the 

Greek and Gothic Architects. BvE.L.Garbett, Architect. Illustrated. 2S.6d. 

%• The three frecedinsr Works^ in One handsome Vol.y half bound, entitled 

** Modern Architecture," price 6*. 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawing^, Specifications, and Estimates. By E. Dobson, 2s.t 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 

ture of; containing an Outline of the Principles of Brickmaking. By Edw. 
Dobson, M.R.I.B. A. With Additions by C Tomlinson,F.R.S. Illustrated, 35.* 

25. MASONRY AND STONE CUTTING ; in which the Principles 
of Masonic Projection and their application to the Construction of Curved 
Wing-Walls, Domes, Oblique Bridges, and Roman and Gothic Vaulting, 
are explained. By Edward Dobson, M.R.I.B.A., &c. 2s. 6d.t 

44. FOUNDATIONS AND CONCRETE ^C^ieAT^, a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B.A., &c. Fifth Edition, revised, is. 6d. 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect. 

Ninth Edition, revised and enlarged. Numerous Illustration?, is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnell, C.E. Twelfth Edition, is. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charles Tomlinson, F.R.S., 8cc. Illustrated. 3s. 

83**. CONSTRUCTION OF DOOR LOCKS, Compiled from the 
Papers of A. C. Hobbs, Esq., of New York, and Edited by Charles Tom- 
linson, F.R.S. To which is added, a Description of Fenby*s Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. lUus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, &*c,: Experimental Essays 
on the Principles of Construction in ; made with a view to their being usenil 
to the Practical Builder. By William Bland. Illustrated, zs. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the^Architcct and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

The X indicates that these vols, muy be had strongly bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 
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Architecture, Building, etc., continued, 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
%• The two preceding Works in One handsome Vol.y half bounds eniitled "Ancient 

Architecture," price 6s. 
132, DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. ^ Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers', Plumbers\ Painters', Paper- 
hangers', Gilders', Smiths', .Carpenters', and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is. 6d. 

175. LOCK WOOD &* CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, for 1883, containing the latest Prices of all kinds of Builders* 
Materials. and Labour, and of all Trades connected with Building, &c., &c. 
Revised and Edited by F. T. W, Miller, Architect and Surveyor. 3s. 6d. ; 
half bound, 4s. \Jusi published, 

182. CARPENTRY AND yOINERY—TwE. Elementary Prin- 

ciPLBS OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.X 

182*. CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. ; cloth, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS, By George Wight- 

wick. New, Revised, and enlarged Edition. By G. Huskisson Guillaumb, 
Architect. With numerous Woodcuts. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sig^-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, &c., &c. With 9 Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Ellis A. 
Davidson. Third Edition, revised. 5s. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting ; 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated* is. 6d. 

191. PLUMBING, A Text-Book to the Practice of the Art or Crafl of 

the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Fourth Edition, revised and enlarged. With above 330 
Illustrations. By W. P. Buchan, Sanitary Engineer. 3s. 6d.t 

[yusl published, 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard E. Grandy. 
Second Edition, Revised. 3s.t 

205. THE ART OF LETTER PAINTING MADE EASY, By 

J. G. Badenoch. Illustrated with 12 full-page Engravings of Examples, is. 

206. A BOOK ON BUILDING, Civil and EcclesiasHcal, including 

Church Restoration. With the Theory of Domes and the Great Pjrramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. Second Edition, 
enlarged, 4s. 6d.t 

The X indicates thai these vols, may be had strongly bound at 6d. extra* 
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Architecture, Building, etc., continued. 

226. THE yOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works (A 
Practical Treatise on). With especial reference to those wrought by Arti* 
ficers in Erecting and Finishing Habitable Structures. By Wyvill J. 
Christy, Architect. With upwards of 160 Engravings on Wood, js.t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

(An Elementary Treatise on). Deduced chiefly from the Works of Robison, 
Tredgold, and Humber. By E. Wynduam Tarn, M.A., Architect. With 
numerous Illustrations, is. 6d. 

229. ELEMENTARY DECORATION: A Guide to the Simpler 

Forms of Evervday Art, as applied to the Interior and Exterior Decoration 
of Dwelling-Houses, 8cc. By James W. Facby, Jun. Illustrated with 
Six^-eight explanatory Engravings. 2s. 

230. HANDRAILING (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath. By Gborgb Colungs. 
Illustrated with Plates and Diagrams, is. 6d. 



CIVIL ENGINEERING, ETC. 
219. CnriL ENGINEERING. By Henry Law, M.Inst. C.E. 
Including a Treatise on Hydrauuc Engineering by Geo. R. Burnell, 
M.Inst.C.E. Sixth Edition, revised, with Large Ajiditions on Recent 
Practice in Civil Engineering, by D. Kinnear Clark, M.Inst. C.E., 
Author of* Tramways : llieir Construction," 8cc. 6s. 6d., Cloth boards, 7s. 6d. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnell, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2s. [J usi published. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrated, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 

8o*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Emplojrment for Capital. With Examples 
and Particulars of actual Embaniunents, 8cc. By J. Wiggins, F.G.S. 2s. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. ^.% 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fenwick. Also the Method of Conductinf* 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated. <ks. 6d.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, b^ Henry 
Law, C.E., revised by D. K. Clark, C.E. ; II. Recent Practice, including- 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — i. Some of the more Common Forms of 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slago, A.I.C.E. 2s. 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. 6d.t 

213. PIONEER ENGINEERING. A Treatise on the Engmeering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.$ 

The % indicates that these vols* may be had strongly bound at 6d extra, 
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MECHANICAL ENGINEERING, ETC. 

33. CRANESy the Construction of, and other Machinery for Raising 

Heavy Bodies. By Josbph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE, By Dr, Lardner. Illustrated. is.6d. 
59. STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Beckett, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 4s. 6d. limp ; 5s. 6d. cloth boards. VJusi published, 

%2. THE POWER OF WATER, as applied to drive Flour Mills, 
and to grive motion to Turbines, &c. By Joseph Glynn, F.R.S. as.J 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. as. 6d.t 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theoiy 
of, with Rules ai^d Examples for Practical Men. By T. Baker, C.E. is. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern -Making, Moulding, Turning, Filing, Burnishing, 
Bronzing, &c. With copious Receipts, &c. By Walter Graham. 2s.t 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. By J. G. Winton. Illustrated. 38.t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 

Heat in the Smelting Furnace. By J. Armour, C.E. 2S. 6d.t 
i66. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, land Angular Forces. By J. Armour, 2s.6d.i 
167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d4 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. By John Sewell and D. K. Clark, M.I.C.E. 3s. 6d.t 
200. FUEL, its Combustion and Economy. By C. W. Williams, 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 

Wood, Peat, Petroleum, 8cc. — by D. K. Clark, M.I.C.E. 3s. 6d.J 
202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 

large additions by D. Kinnear Clark, M.I.C.E. ri.X 
211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

plating, and Calculating Boiler and Tank Work. By John Courtney, 

Practical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION ; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. js.J 

217. SEWING MACHINERY : Its Construction, History, &c., with 

full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. %%.% 
221, MECHANICAL ENGINEERING. Comprising Metallurgy, 



Moulding, Casting, Forging. Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. 2s. 6a.t 

224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J, W. Burobss. 2s. 6d.t 

235. PRACTICAL ORGAN Bl/ILDING. By W. E. DiCKSON, 
M.A.. Precentor of Ely Cathedral. Illustrated. 2s. 6d.t [Just published. 

2ib, DETAILS OF MACHINERY, Comprising Instructions for 
the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 
. Boiler- Yard. By Francis Campin.'C.E. 35.* [Just published, 

237. THE SMITHY AND FORGE; includmg the Farrier's Art and 
CoachSmithing. By W.J. E. Crank. Illustrated. 2s.6d,t [Just published, 
THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 
book for Tinsmiths, Coppersmiths, Zincworkers, &c., comprising numerous 
Geometrical Diagrams and Working Patterns, with Descriptive Text. By 
W. J. E. Crane. jln the press. 

The X indicates that these vols, may be had strongly bound at 6d. extra, 
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SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for ue Use of Beginners. £y 
Tames Pbakb, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams, is. 6d.t 

53». SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 

and Practical Principles of the Construction of. By Hakon A. Sommbr- 

FBLDT, Surveyor of the Royal Norwegian Navy. With an Appendix, zs. 6d. 

53»». AN ATLAS OF ENGRA VINGS to Ulustrate the above. Twelve 

large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, ttc. relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robbrt 
Kipping, N.A. Fifteenth Edition. Illustrated, as.t 
54». IRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 

54»». AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules,^* " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating Dock, &c., &c. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navip^ation. Part I. How to Keep the Log and Work it off. Part II. On 
Finding the Latitude and Longitude. By Jambs Grbbnwood, B.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals : the Rule of tiie 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
Storms ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. Hy W. H. Kossbr. as. 6d.t 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Tog^ether with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robbrt Murray, C.E., 
Engineer-Suive:^or to the Board of Trade. With a Glossary of T^irhnical 
Terms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlarged. Illustrated. xs.X 

83 Jw. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Seventh Edition, revised,with numerous Illustrations and M<Mels.xs.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Professor J. R. Young. New Edition, including the 
requisite Elements from the Nautical Almanac for working the Problems. 
Illustrated. 2s. 6d. (^^^i pMlished. 
100*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 
Young, is. 6d. 
106. SHIPS* ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, 8cc., S-.c. 
Eleventh Edition, enlarged, with an Appendix. By Robbrt Kipping, N Jl.« 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6A.% 
155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Enginbbr. Revised by D. 
F. McCarthy, late of the Ordnance Survey 0£5ce, Southampton. 3s. 
55 PRACTICAL NAVIGATION Consisting of The Sailor's 
£ Sea-Book. By Jambs Grbbnwood and W. H. Rossbr. Toj^ther with 
2Q. the requisite Mathematical and Nautical Tables for the Working of ^e 
^* Problems.^ By Hbnry Law, C.E., and J. R. Young, formcriy Professor of 
Mathematics m Belfast College. Illustrated with numerous Wood Engrav- 
ings and Coloured Plates. 7s. Strongly half-bound in leather. 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY^ for the Use of Beginners. By Professor George 

FowNBS, F.R.S. With an Appendix on the Application of Chemistry to 
Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates, js.t 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science) and their Applica- 
tions. By Charles Tomlinson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General t»rinciples of Electrical 

Science, and the purposes to which it has been appliea. By Sir W. Snow 
Harris, F.R.S., 8cc. With Additions by R. Sabinb, CE., F.S.A. is. 6d. 
7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabinb, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," «tc., 8cc. With 165 Woodcuts. 3s. 6d4 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Begmners. By Charles 

Tomlinson. Illustrated, is. 6d. 
72. MANUAL OF THE MOLLUSC A ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

1^^*, PH020GRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn. 
by W. H. Thornthwaitb, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY. By the late Rev. Robert Main, M. A., F.R.S., 

formerly Radcliffe Observer at Oxford* Third Edition, revised to the 
Present Time. By William Thynnb Lynn, B.A., F.R.A.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt, Indian Gov. Telegraphs. 3s.t 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,8cc. Woodcuts. 2S. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., 8cc. Woodcuts, as. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's ''Rudiments of 

174. Geology." By Ralph Tate, A.L.S., F.G.S., 8cc. In One Volume.. 4s. 66..% 

1S3 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 
& formerly Professor of Natural Philosophy and Astronon^ in University 

l8d. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 



« 



Sold also in Two Parts^ as follows : — 



183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVIII. 38. 

TAe t indicates that these vols, may be had strongly bound at 6d. extra. 
7, stationers' HALL COURT, LUDGATK HILL, E.G. 
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MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.$ 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6d.t 

134. METALLURGY OF SILVER AND LEAQ, By Dr. R. H. 

Lamborn. Woodcuts. 2s. 6d.t H 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. 8th Edition, revised, with additional Matter and 
Illustrations, including the most recent Processes. 3S.t [Just published. 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By Willla.m Morgans. 2s. 6d..X 
172*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale, ^to. 4s. 6d. ; cloth boards, 6s. 

176. METALLURGY OF IRON Containmg History of Iron Manu- 
facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, 8cc. By^. Bauerman, F.G.S. 5th Edition, 
revised and enlarged. 5s.t [Just published. 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t 
195. THE MINERAL SURVEYOR AND VALUER* S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also th* Correct Principles of Laying out and Valuing Mineral 
Properties. By William Lintern, Mining and Civil Engineer. 3s. 6d.t 

214. SLATE AND SLATE ^£/'.4/?^P7iV^6^, Scientific, Practical, and 

Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates. 3s.t 

215. THE GOLDSMITHS HANDBOOK, containing full Instruc- 
tions for the Alloying and Working of Gold. By George E. Gee, Goldsmith 
and Silversmith. Second Edition, considerably enlarged. 3S.t 

225. THE SILVERSMITHS HANDBOOK, containing fuU In- 
structions for the Alloying and Working of Silver. By George E. Gee. x&.t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By William Lintern, 
Mining and Civil Engineer and Surveyor. 2s. 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

Students and Amateurs in Architecture. Painting. 8cc. By George Pynb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
&4I. GLASS. From the German of Dr. Gessrrt and Emanuel Otto From- 
BKRG. With an Appendix on The Art of Enamelling. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. is.6d. 
69.71. MUSIC AND THE PIANOFORTE. In one volume. Half 

bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Guluck, assisted by 
John Times, F.S.A. Fourth Edition, revised and enlarged. 5s.t 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlaived and 
adapted to the Use of the Ornamental Painter and Designer. By £llis A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 

The % indicaies thai these vols, may be had strongly bound at 6d. extra, 
LONDON: CROSBY LOCKWOOD AND CO., 
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AGRICULTURE, GARDENING, ETC. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER. With approximate values of Millstones, Millwork, 8cc. zs. 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2.0utunes op Modern Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
op Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines op Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
\* Nos. Z40-Z-2-5-6, in One Vol., handsomely half-bound, entitled " Outunbs of 
Modern Farming." By Robert Scott Burn. Price Z2s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Geo. Glenny. Z87 Woodcuts. 3s. 6d.t 

198. SHEEP: THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fourth Edition, 
enlarged, including ^fpecimens of New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, 8cc. By George M. F. Glenny. zs. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 

zaiion of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Details of Contract Work ; Specialities of Labour, Sec, &c. 
By Robert Scott Burn. 2s. 6d.T 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, &c. By R. ScoiT Burn. 2s. 6d.:( 
•«• Nos. 207 cf 208 tn One VoL^ handsomely half-hound,eniiiled** Outlines op 
Landed Estates and Farm Management. By R. Scott Burn. Price 6s, 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood. 2s.t -,— 

210. THE TREE PRUNER. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.:( 
%• Nos. 209 6- 210 tn One Vol.j handsomely half-bound^ entitled ** The Trbb 
Planter, Propagator and Pruner." By Samuel Wood. Price ks. 

218. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c., 
forming a complete Calculator and Ready- Reckoner, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steele, as. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By Pro£ John Donaldson and R. Scott Burn. 3s. 6a.t 

231. THE ART OF GliAFTING AND BUDDING. By Charles 

Baltet. With Illustrations, as. 6d.$ [Just published. 

232. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By E. Hobday, zs. 6d. \ Just Publish^. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is.6d. 

\Just published, 

234. THE KITCHEN AND MARKET GARDEN. By Con- 

tributors to ** The Garden." CompUed by C. W. Shaw, Editor of " Garden- 
ing Illustrated." 430 pp. \%.X [yust published. 

DRAININNG AND EMBANKING. By Professor John 

Scott. Being the first of a Series of Seven Text- Books intended to cover 
t he whole ground of Farm Engineering. \/n the press. 

The X indicates that these vols, may be had strongly bound at bd. extra. 
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lo weale's rudimentary series. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjostine, and Using them 

are concisely £xplained. ^ By J. F. Heather, M.A., of tne Royal Military 

Academy, Woolwich. Original Edition, in x vol.. Illustrated, xs. 6d. 

%* In ordering the above^ be careful io say^ " Original Edition ** {No, 32), lo dislin- 

guish it from the Enlarged Edition in 3 vols. (Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. Ky 
T. Baker, C.E. New Editiod, revised by Edward Nugent, C.£. Illus- 
trated with Plates and Diagrams, as.t 

6i^. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table^ showing the Price of Work, from 2S. 6d. toj^i per acre, and 
Tables for the Valuation of Land, from is. to j^x,ooo per acre, and from one 
pole to two thousand acres in extent, &c., &c. is. 6d. 

Id. DESCRIPTIVE GEOMETRY, an Elementary Treadse on; 
with a Theory of Shadows aod of Perspective, extracted firom the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: givmg the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2S. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

caving the various Modes of Delineating Solid Forms by Constructions on a 
Single' Plane Surface. By J. F. Heather, M.A. \ln preparation, 

•»* The above three volumes rvill form a Complete Elementary Course of 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of KLing's College School, Londbn. zs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self-Instruction. By J. R. Young, late Professor 
of Mathematics in Belfast College. Tenth Edition, corrected, is. 6d. 

64*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R< Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
85*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly fkcilitated. By W. Hipsley. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2S. 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

3q. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d4 

•«• Sold also separately, viz, : — ' 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, 11, la. By Henry Law, C.E. is. 6d. 

The ± indicates that these vols, may be had strongly bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 
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Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By Jambs Hann, late Mathematical Master of 
Kine's College School, London. A New £dition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. m,% 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By JAMES 

Hann. Revised by Charles H. Dowung, C.£. is. 
%• Or -wUh " The Elements 0/ Plane Trigonometry** in One Volume^ 2S, 6d. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by £. Nugent, C.£. Illustrated, is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Hombrsham Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
■WooLHOusB, F.R.A.S« 8cc. is. 6d. 

105. MNEMONICAL LESSONS. — GnouETKV, Algebra, and 

Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thobias 
Pbnyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. Revised by Abraham Arman. 
IS. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A» late of the ^oyal 
Military Acadenur, Woolwich, Author of " Descriptive Geometry," &c., 8cc. 
Illustrated, is. od. 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
By Photography. By J. F. Heather, M.A. Illustrated, is. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including— I. Instruments Used for Determining the Geometrical Features 
ofa portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 
%* The above three volumes form an enlargement of the Author's original work. 
" Mathematical Instruments: their Construction^Adjustmentt Testing, and Use ^ 
the Thirteenth Edition of which is on sale, price is. 6d. (See No. 32 in the Series.) 

x6S.y MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. r M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
170.) above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapimty and accuracv. By Charles Hoare, C.£. With a 
Slide Rule in tuck of cover, as. 6d.1: 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, Sec, &c. ; Unequal -sided, Square-sided, Octamnal- 
sided, Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, ana Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Fourth 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more DiflScult Computations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. 4S.^ 

The t indicates that these vols, may be had strongly bound at 6d. extra, 
7, stationers' HALL COURT, LUDGATE HILL, E.C. 
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Arithmetic, Geometry, Mathemiatics, etc., continued. 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Useful Tables, &c. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. K. Young, 
formerly Professor of Mathematics in Belfast College. 3S4 

204. MATHEMATICAL 2:4-fiZ:^«S', for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s. 6d.$ 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
T/ONSt and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. li. Woolhousb, F.R.A.S., F.S.S. Sixth Edition, 
carefully revised and enlarged. 2s4 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
fation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples ; also the Methods of Analysing Principles and De- 
ducing Rules and Formulae, applicable to the Requirements of Practice. 
By Fkancis Campin, C.E., Author of "Materials and Construction," &c. 
Second Edition, revised and enlarged by the Author. 35.$ [Just Published, 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING. METALLURGY, ARCH^- 
OLOGY, the FINE ARTS, 6-t. By John Wealk. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illos- 
trations. 5s. cloth limp ; 6s. cloth boards. 
50. THE LAW OF CONTRACTS FOR WORKS AND SER- 

• VICES. By David Gibbons. Third Edition, enlarged. 3s.* 
112. MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. Third Edition, as.t 
112*. MANAGEMENT OF HEALTH A Manual of Home and 
Personal Hygiene. By.the Rev. Jambs Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. as. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World. 2s. 

157. THE EMIGRANT'S GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of 0£Scers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts, js.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work. Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing 
and Wine- making, the Boudoir and Dressing-room, Travelling, Stable 
Econonoy, Gardenmg Operations, &c. By An Old Housekeeper. 3s. 6d.t 

194. HOUSE BOOK {The). Comprising :— I. The House Manager. 

112 By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding, 
o^ ' M.D. III. Management of Health. By Jambs Baird. In One Vol., 
^ strongly half-bound. 6s. 

112*. 

The t indicates thai these vols, may be had strongly bound at 6d. extra, 
LONDON : CROSBY LOCKWOOD AND CO., 
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EDXrCATION AL AND CLASS ICAL SEBIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. By 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civili2ation in Europe. By W. Douglas Hamilton^ 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levien, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress^ 

from the Creation of the World to the Conclusion of the Franco-German War^ 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. ' By Hydb 
Clarke, D.C.L. Fourth Edition, is. 6d. 
II*. Philology : Handbook of the Comparative Philology of English, 

Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above xoo,ooo Words. By Hyde Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., ^s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
17th Edition, is. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Sjianish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at tho 
Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 2s.6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Comw^l and^^Devon. is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brie/Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gkorgb E. Wbbstbr. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 
of Schools. 

Introductory Primer, 3^/. 

s, a. 

Fourth Standard . ..12 
Fifth „ ... 1 6 

Sixth „ , . . i 6 

Lbssons from thb Biblb. Part I. Old Testament, is. 
Lbssons from the Bible. Part II. New Testament, to which is added 
The Geography of the Bible, for very young" Children. By Rev. C. 
Thornton Forster. is. 2d. %* Or the Two Parts in One Volimie. 2s. 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprismg a large number of 

New Terms used in Engineering, Mining, &c. By Alfrbd Elwbs. is. 6d. 

26. English-French Dictionary. By Alfred Elwes. ss. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s. ; 

cloth boards, 3s. 6d. \* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Wor^, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, zs. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, ftom 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled fh)m the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By Nicholas Estkrhazy 

S. A. Hamilton. In Three Parts. Part I. German -French-English. 
Part II. English-Gcrman-French. Part III. French-German-English. 
3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

8c 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
Vol. z. Italian-English-French. 2s. 6d. ' 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French-Italian. 2s. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol, 3. 

French-Italian-English. 2s. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, ftc, 
■ with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4s. ; cloth boards, 5s. %* Or with the Grammar, doth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Fomu 

With a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwes. 

[In the press, 

HEBREW. 
46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldce Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Brbsslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. js. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 
46*. the Grammar, cloth boards, 12s. 
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LATIN. 

19. I^atin Grammar. Containing the Inflections and Elementaiy 

Principles of Translation and Construction. By the Rev, Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.; 

cloth boards, 4s. 6d. %* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d. 

2. Csesaris Commentarii de Bello GaJlico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis .<Eneis. With Notes, Critical and Explanatory, 

b^ H. Young. New Edition, revised and improved. With copious Adm- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., lormerly Scholar of Brasenose 
College, Oxford. 3s. 

5* Part I. fiooks i. — vi., is. 6 J. 

5»* Part 2. Books vii.— xii., 2s. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Bkown- 

rigg Smith, M.A., F.R.G.S. • is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donne, B A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davies, M Jl.* 2s. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Giceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davies, M.A. is. 

13. Giceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analjrsis, and Notes, Explanatory and Critical, bv Rev, 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Giceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 

i6*. ^— Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. I^atin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge. 2>. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Floras, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleins, &c. Notes by W. B. Donnb, M.A. as. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H, S. 

EscoTT, B.A., Lecturer on Logic at King's College, London, as. 
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14. Greek Grammar, in ^cordance with the Principles and Philo- 
logical Researches ff the HkMt eminent Sch^Urs of our own day. Bjf <JBans 
Clauds Hamiltoit. ts. 6d. 

15,17. Greek I^exicon. Containing all the Words in General Use, with 

their Significations, InflectiocMjf ^md Doubtful Quantities. By Hbnrt R. 
HamUiXON. Vol. X. G i gt k gngUsh; aa^ed. ; Vol. 2. English-Greek, 2s. Or 
tk« TWo Vols, in One, ^»<ia. : cloth bajpods, 5s. . 

14,15. Greejl I^M/Ucon (as above). Complete, jtrfth the Grammas, in 

27. One Vol., cTom boards, 6s. ^ 

GREEK CLASSICS. With Explanatiiy Notes in English. 

I* Greek Delectus. Containing Extracts iR>m Classical Authors, 
with Genealogical Vocabularies Mnj^f xplattory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulaqr, by Jgon 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 

2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
1%, Part 2. Books iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 
5-12. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lbary, M.A., D.C.L. 
Thb luAD : Parti. Books i. to vi.j is.6d. Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxi^., is. 6d. 
Thb Odyssey: Parti. Books i. to vi^, is. 6d Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Booksvii.toxii., IS. 6d. Part 4. Books xix. to xxiv., and 
-. Hymns, 2s.* 

I i^rplato'ft Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hbrmann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary, M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euterpe), 2S. 

Part 2. Books ill., iv. (The Thalia and Melpomene)^s. 

Part 3. Books v. -vii. (The Terpsichore, Erato, and Polymnia), 2s. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles: OEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles : Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milnbr, B A. 2s. 
. 23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 

DORF. With Notes, Critical and Explanatory, by W. Brownrigo Sbiith, 

M.A., F.R.G.S. IS. 6d. 
26. Euripides: Alccstis.- Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milnbr, B A. is. 6d. 
30. .^schylus: Prometheut vmctus : The Prometheus Bound. From 

the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 

by the Rev. James Davibs, M.A. is. 
32. -^schylus : Septem Contra Thebes : The Seven against Thebes. 

From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davibs, M.A. is- 

40. Aristophanes : A«ihamians. Chiefly from the Text of C. H. 

Wbisb. Wilih Notes, by C. S. T. Townshbnd, M.A. is.6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book i. is. - ,, xt * j t * 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

duction by Ll. F. W. Jbwitt. is. 6d. . 

43. Demosthenes. The Oration on the Crown and the Philippics, 
With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar 01 
Brasenose College, Oxford, is. 6d. . 
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